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SELECTED FMCG AND MANUFACTURING 
INDUSTRIES 
ABSTRACT 
INTRODUCTION 
Shortened product life cycles, increased competition and high expectations of 
customers have forced many leading companies to move from physical logistics 
management towards more advanced supply chain management (SCM). In addition to 
cost reduction, the supply chain management (SCM) also facilitates customer service 
management, inventory control, transportation systems and whole distribution networks 
so that organizations are able to meet or even exceed their customer's expectations. The 
supply chain management (SCM) is a core business concept that is deeply embedded 
within the functional backbone of an organization from procurement, manufacturing 
and distribution to customer service and sales. 
Supply chain management (SCM) is the integration of key business process 
from goods end user through original suppliers that provides products, services and 
information that adds value for customers and other stakeholder. In an article in the 
Economic Times 500 (September, 2002) mentioned that the value of the organized 
market in India is estimated at $9 billion as against Brazil's fast moving consumer 
goods (FMCG) market in 2000-01 that was already $ 12 billion in fast moving 
consumer goods (FMCG). The Indian fast moving consumer goods (FMCG) sector is 
expected to clock over 40% growth in the next 5 years. This indicates the opportunity 
available and phenomenal growth potential of the fast moving consumer goods (FMCG) 
segment. Similarly in the manufacturing segment 20% to 30% of the value of all goods 
and services produced will enhance the economy of the country. A country's level of 
manufacturing activity is directly related to its economic health. 
JUSTIFICATION FOR THE STUDY 
With a gross domestic product (GDP) of over $47.43 billion, the industry spends 
14% of its GDP on logistics (Raghuram & Rangaraj, 2000). Another article in the Wall 
Street Journal (March, 2006), mentioned that annual global logistics expenditures 
exceeded $3.5 billion which is nearly 20% of the world's GDP, making logistic perhaps 
the fast frontier for major corporations to significantly increase shareholder and 
customer value. 
In an article in the Economic Times 500 (September, 2002), mentioned that 
India's 10% GDP growth is based on two areas i.e., industry and services. At a macro 
level the projected 7.9% GDP growth for the current fiscal year 2006-07 is indeed a 
remarkable achievement for the Indian economy by past standards. In an another article 
The Hindu Business News (April, 2002), mentioned that the govt, aims at increasing the 
share of manufacturing in the country's GDP from 17 to 33%, emphasizing the 
importance of manufacturing in India's growth. The sector contributed to about 53% of 
exports and received more than two third of total foreign investments. In terms of 
employment, it accounted for 11% of the workforce of about 45 million. 
The fundamental objective of a high performing supply chain is to produce 
products to match customer's demand cycle, while producing the greatest value possible 
to the customers. The increasing competitive environment calls for speeding, cost 
efficient, accurate and reliable supply chain. Supply chain management (SCM) is no 
longer a matter of operational and functional areas of the firm. Today, it is a strategic 
issue demanding top-level management attention. The supply chain can have huge 
leverage on the creation of customer value. Supply chains will fight the new battle for 
market dominance; as such measurements around the supply chain are critical. If we 
look at competition today, it is "supply chain versus supply chain" (Ramakrishnan, 
2006). This brings out a situation that competitors might focus on developing superior 
supply chain performance. 
Thus, Indian companies need to leverage the supply chain for competitive 
advantage and as such, till date, there have been few initiatives to measure the 
performance of their existing supply chain systems. 
REVIEW OF LITERATURE 
Companies need to develop metrics to measure performance of supply chain. 
Measurement is important, as it affects behavior that impacts supply chain performance. 
As such, measurement provides means by which a company can assess whether its 
supply chain has improved or degraded. A variety of measurement approaches have 
been developed, including the following important approaches as reported in the AMR 
Research report (2000). The following approaches are considered as important: 
(a) The balanced score card 
(b) Supply chain council's SCOR Model 
(c) The logistics score board 
d) Activity based costing (ABC) and 
(e) Economic value added (EVA) 
Very limited literature exists on the measurements specific to the industries, 
more specifically, in the Indian context. The studies conducted by Performance 
Measurement group (1999): Korgaonkar (2000): Gunasekaran, et al., (2001): and 
Shah (2003), were reported in the literature review. The main research findings from 
these studies were comparison of metrics of delivery performance, total logistics cost, 
cash-to-cash cycle time, assets turns, inventory days of supply, production flexibility 
inventory carrying cost and cost due losses in general. In the present study efforts have 
been made to collect and analyze information from various segments of manufacturing 
and fast moving consumer goods (FMCG) with regard to supply chain performance 
measurements, supply chain management (SCM) initiatives and strategies in the Indian 
context. The review of literature ranges from the year 1980 to 2006. 
RESEARCH OBJECTIVES 
The overall purpose of this research was to measure the supply chain 
performance in selected segments in manufacturing which included auto & auto 
components, electronics, white goods, engineering and also FMCG sector. The 
objectives were: 
1. To determine and measure performance metrics in the supply chain of 
fast moving consumer goods (FMCG) and manufacturing segments. 
2. To study the significance of cycle time, cost, quality, assets and logistics 
cost metrics in fast moving consumer goods (FMCG) and manufacturing 
industries. 
3. To study the significance of cycle time, cost, quality, assets, and logistics 
cost metrics within manufacturing industries. 
4. To study the relation ship among the supply chain performance metrics. 
5. To assess the current supply chain metrics followed across various 
industries in India and compare the same with best practices in the 
respective industries. 
6. To compare the Indian practices with that followed globally, wherever 
possible. 
7. To provide inputs on improvements possible in supply chain metrics 
across various industry verticals. 
RESEARCH METHODOLOGY 
This chapter focuses on the research hypothesis, research design and the 
procedures followed for conducting the study. Specifically, this chapter describes the 
instrument development process, pilot study and pre-testing, data collection and analysis 
procedures. The issues of the reliability and validity of the measurement scales have 
also been addressed. 
Hypothesis 
The research hypothesis were formulated with respect to various metrics of 
performance measurements related to fast moving consumer goods (FMCG) and 
manufacturing segments relevant to selected industries in India. The null hypotheses 
considered for the study were: 
Hoif: There are no significant differences in the mean of procurement cycle time 
between FMCG and manufacturing groups. (Hoif ' f denotes FMCG) 
Ho2f : There are no significant differences in the mean of production cycle time 
between FMCG and manufacturing groups. 
Ho3f : There are no significant differences in the mean of Delivery time between 
FMCG and manufacturing groups. 
Ho4f : There are no significant differences in the mean of Total cycle time between 
FMCG and manufacturing groups. 
Hosf: There are no significant differences in the mean of cash-to-cash time between 
FMCG and manufacturing groups. 
Ho6f: There are no significant differences in the mean of supply chain flexibility (%) 
between FMCG and manufacturing groups. 
Ho7f: There are no significant differences in the mean of Total supply chain cost (% 
of sales) between FMCG and manufacturing groups. 
Ho8f : There are no significant differences in the mean of In-bound transportation 
cost (% TSCC) between FMCG and manufacturing groups. 
Ho9f : There are no significant differences in the mean of Out-bound transportation 
cost (% TSCC) between FMCG and manufacturing groups. 
Hoiof : There are no significant differences in the mean of ware-housing 
transportation cost (% TSCC) between FMCG and manufacturing groups. 
Hoi If '• There are no significant differences in the mean of Inventory carrying cost (% 
TSCC) between FMCG and manufacturing groups. 
Hoi2f : There are no significant differences in the mean of cost of transit losses (% 
TSCC) between FMCG and manufacturing groups. 
Hoi3f: There are no significant differences in the mean of cost of damages (% TSCC) 
between FMCG and manufacturing groups. 
Hoi4f : There are no significant differences in the mean of other costs (% TSCC) 
between FMCG and manufacturing groups. 
Hoisf : There are no significant differences in the mean of return Inventory costs 
between FMCG and manufacturing groups. 
Hoi6f : There are no significant differences in the mean of return processing cost 
between FMCG and manufacturing groups. 
Hoi7f : There are no significant differences in the mean of % of on-time deliveries 
between FMCG and manufacturing groups. 
Hoisf: There are no significant differences in the mean of % of supply made as per 
the quantity ordered between FMCG and manufacturing groups. 
Hoi9f : There are no significant differences in the mean of % of supply on desired 
quality between FMCG and manufacturing groups. 
Ho20f '• There are no significant differences in the mean of Raw material inventory 
holding between FMCG and manufacturing groups. 
Ho2if : There are no significant differences in the mean of Work in progress 
inventory holding between FMCG and manufacturing groups. 
Ho22f: There are no significant differences in the mean of Finished goods inventory 
holding between FMCG and manufacturing groups. 
Ho23f: There are no significant differences in the mean of Inventory Turnover (No. of 
turns) between FMCG and manufacturing groups. 
Ho24f' There are no significant differences in the mean of logistics cost (inbound + 
outbound transpiration cost) between FMCG and manufacturing groups. 
Similarly, the research hypotheses were formulated with respect to various 
metrics of performance measurements related to manufacturing segments. The same 
null hypotheses were repeated for testing significant differences in the mean values of 
metrics between the manufacturing groups: 
Hoim : There are no significant differences in the mean of procurement cycle time 
between manufacturing groups.( Hoim 'ni' denotes manufacturing). 
Ho2in ' There are no significant differences in the mean of production cycle time 
between manufacturing groups. 
Ho3m : There are no significant differences in the mean of Delivery time between 
manufacturing groups. 
Ho4m ' There are no significant differences in the mean of Total cycle time between 
manufacturing groups. 
Hosm • There are no significant differences in the mean of cash-to-cash time between 
manufacturing groups. 
Ho6m : There are no significant differences in the mean of supply chain flexibility (%) 
between manufacturing groups. 
Ho7m : There are no significant differences in the mean of Total supply chain cost (% 
of sales) between manufacturing groups. 
Ho8m '• There are no significant differences in the mean of In-bound transportation 
cost (% TSCC) between manufacturing groups. 
Ho9m : There are no significant differences in the mean of Out-bound transportation 
cost (% TSCC) between manufacturing groups. 
Hoiom : There are no significant differences in the mean of ware-housing 
transportation cost (% TSCC) between manufacturing groups. 
Hoiim : There are no significant differences in the mean of Inventory carrying cost 
(% TSCC) between manufacturing groups. 
Hoi2m • There are no significant differences in the mean of cost of transit losses (% 
TSCC) between manufacturing groups. 
Hoi3m : There are no significant differences in the mean of cost of damages (% 
TSCC) between manufacturing groups. 
Hoi4in : There are no significant differences in the mean of other costs (% TSCC) 
between manufacturing groups. 
Hoism • There are no significant differences in the mean of return Inventory costs 
between manufacturing groups. 
Hoi6m : There are no significant differences in the mean of return processing cost 
between manufacturing groups. 
HoiTm : There are no significant differences in the mean of % of on-time deliveries 
between manufacturing groups. 
Hoi8m : There are no significant differences in the mean of% of supply made as per 
the quantity ordered between manufacturing groups. 
Hoi9m : There are no significant differences in the mean of % of supply on desired 
quality between manufacturing groups. 
Ho20m : There are no significant differences in the mean of Raw material inventory 
holding between manufacturing groups. 
Ho2im ' There are no significant differences in the mean of Work in progress 
inventory holding between manufacturing groups. 
Ho22ni: There are no significant differences in the mean of Finished goods inventory 
holding between manufacturing groups. 
Ho23m : There are no significant differences in the mean of Inventory Turnover (No. 
of turns) between manufacturing groups. 
Ho24ni : There are no significant differences in the mean of logistics cost (inbound + 
outbound transpiration cost) between manufacturing groups. 
RESEARCH INSTRUMENT 
The research instrument (Appendix-C) consisted of a questionnaire that was 
specially designed for the study. The questionnaire consisted of 24 statements related to 
the performance measurement metrics, business profile of the company, better practices 
and systems that are followed in the company. The questionnaire was designed with the 
inputs from previous studies (Korgaonkar, 2001; Eicher Research group, 2002; IIMM, 
2003; Shah, 2003; and Lapide, 2004, 2006). The research instrument was refined on the 
basis of the feed back received during the pilot study. After the questionnaire was pilot 
tested, each question / statement was examined for its clarity and relevance to the 
purpose of the research, which resulted in some modifications / deletions in the 
questions. To make the questionnaire user-friendly, definition of each metric was 
enclosed along with the questionnaire. Statements related to Economics value added 
(EVA), Supply chain mapping, Activity based costing (ABC) etc were deleted after the 
pilot test. 
SAMPLING PROCEDURE 
The population of interest was the entire database of Indian Institute of Materials 
Management (IIMM), which is the largest of its kind membership based industry body 
in India. The IIMM database consists of companies of repute spread all across the 
country. More than 300 companies registered with them formed the sample frame for 
the study. The IIMM database is itself segregated into broad industry types i.e. fast 
moving consumer goods (FMCG) and manufacturing. Of these, companies representing 
auto & components, electronics, white goods, engineering segments and fast moving 
consumer goods segments were selected for the study. This resulted in a sample of 100 
companies. 
DATA COLLECTION PROCEDURE 
The researcher then collected the data in various stages as described below: 
Stage 1 : Herein, the researcher sent the structured questionnaire to all 80 companies 
from manufacturing group and 20 companies from the FMCG group that were part of 
the sample. The questionnaire was sent through post & courier to production, 
procurement, quality, finance, material planning and marketing heads of these 
companies. It included a covering letter highlighting the academic nature of the study 
and a business return envelope. In all, 18 responses were received from the 
manufacturing sector and 8 from the FMCG group. 
Stage 2 : A reminder letter was sent to the remaining companies and 10 responses were 
received. Some of the companies sought clarifications through email and surface mail. 
All clarifications were addressed either through email, surface mail or telephone. 
Stage 3 : During this stage, the researcher contacted the companies through telephone 
and email. Soft copies of the questionnaire were sent to those companies, who lost / 
misplaced questionnaire. After the telephonic conversations continuous follow up with 
the companies, and personal visits to some of the companies, the researcher could get 54 
more responses. 
Thus, there were 88 usable responses obtained from the selected companies 
through census method. Statistical package for social studies (SPSS) - 13 was used for 
conducting statistical analysis. 
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METHOD OF ANALYSIS 
Descriptive statistics: Descriptive statistics such as mean, media, mode, standard 
deviation were computed and used for analysis. Table 1 shows the descriptive statistics, 
and summary of performance measurements between fast moving consumer goods 
(FMCG) and manufacturing groups. 
T-test (2 tailed): T-test was used for testing the significant differences in the mean 
values between the fast moving consumer goods (FMCG) and manufacturing groups. 
Null hypothesis were tested at 5% significance level (95% confidence level). 
F-test (ANOVA) - one way: F-test procedure was applied for testing the significant 
differences in the mean values of metrics within the manufacturing groups. Null 
hypothesis were tested at 5% significance level. 
Correlation and Regression Analysis: Correlation analysis studies the joint variation 
of two or more variables for determining the amount of correlation between two or more 
variables. In each performance metrics groups dependent variables are correlated with 
independent variables. The functional relationships existing between two or more 
variables are studied. It is used to find out the best fit. 
Factor Analysis: The data was then subject to principal component analysis (PCA), a 
method categorized under the broad area of factor analysis. Principal components (PC) 
analysis all the variance in the items. PC is generally considered the best method for the 
pragmatic purposes of data reduction. With PCA, the 24 metrics of supply chain 
performance related metrics contained in part-Ill of the questionnaire were reduced to 7 
metrics under 5 broad dimensions which were assigned names such cycle time, cost, 
quality, assets and logistics cost. To give a bird's eye view, the flow chart depicting the 
schema of analysis is presented in Figure 1. 
In this research, we have used varimax rotation with Kaiser Normalization with 
which maximum possible simplification is reached, ie., rotation converged with 
iterations. With varimax rotational approach there tends to be some high loadings close 
to -1 or +1 thus indicating a clear positive or negative association between the variable 
and the factor close to zero, indicating a clear lack of association varimax rotation gives 
clear separation of factors. 
Figure 1 : Flow chart depicting the schema of the analysis 
Development of Research Instrument 
I 
Collection of data 
Data validation 
Interpretation of Factors 
Reliability Analysis of the scale using 
Cronbachs alpha test 
Descriptive statistics 
Mean 
Median 
Mode 
Std. Deviation 
Statistical Inference 
Correlation & regression 
analysis for association 
factor analysis 
T-test (two tailed) 
F-test (one way) 
Interpretation of 
Findings 
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SUMMARY OF DESCRIPTIVE STATISTICS 
Table 1: Descriptive Statistics 
Metrics 
Procurement cycle time (No. of days) 
Production cycle time (No. of days) 
Delivery Time 
Total cycle time 
Cash-to-Cash cycle time 
Total supply chain cost (% of sales) 
In-bound transportation (% of TSCC) 
Out-bound transportation (% of TSCC) 
Ware-housing cost (% of TSCC) 
Inventory carrying cost (% of TSCC) 
Cost of transit losses (% of TSCC) 
Cost of damages (% of TSCC) 
Other costs (Insurance , freight & clearance) 
% of on-time deliveries 
% of supply made as per the quantity ordered 
% of supply on desired quality 
Raw Material Inventory holding (days) 
Work In Progress Inventory holding 
Finished Goods Inventory holding 
Inventory Turnover (No. of turns) 
Mean 
19 
13.5 
7 
43 
50 
7 
21 
31 
11 
14.5 
3 
4 
6 
93.6 
96 
97.5 
19.5 
8.8 
12.5 
18 
Sample size : 88 
Minimum 
3 
2 
3 
8 
0 
2 
10 
14 
4 
4 
0 
0 
0.50 
75 
80 
85 
2 
2 
2 
5 
Maximum 
56 
60 
16 
110 
120 
18 
44 
42 
24 
26 
8 
8 
12 
100 
100 
100 
45 
36 
40 
31 
ANALYSIS OF DESCRIPTIVE STATISTICS 
1) Procurement cycle time: The minimum value is 3 days and the maximum value 56 
days, whereas the mean value is 19 days, which means that there is a huge gap existing 
between the best-in-class and industry average. 
2) Production cycle time: The minimum value is 2 days as against to the maximum of 
60 days, whereas the mean value is 13 days. The production cycle time in the 
manufacturing segments was found to be high compared to FMCG segment. 
3) Delivery time: The minimum value is 3 days and the maximum is 16 days as against 
the mean of 7 days. This can be attributed to geographical location of the companies 
and respective markets. 
4) Total cycle time: The minimum value is 8 days as against the maximum of 110 days. 
This can be attributed to engineering and electronics segments in manufacturing. 
5) Cash-to-cash cycle time: The minimum value is zero and the maximum is 120 
days. In FMCG and white goods segments, companies take advances from their 
customers and credit from their vendors for supply of items. Hence, they are able to 
achieve zero cash collection period. 
6) Supply chain flexibility: The maximum value is 18% as against 9% in white goods 
segments. FMCG and auto segments are able to meet the upsurge demand above 20 %. 
7) Total supply chain cost (% of sales): The minimum value is 2% as against the 
maximum of 18%. The mean value is 7% of sales. 
8) Inbound transportation cost: The minimum value is 10% and the maximum value 
is 44%. Auto and Engineering segments contribute to the maximum value. The mean 
valueis21%ofTSCC. 
9) Outbound transportation cost: The minimum value is 14% and the maximum 
value is 42% FMCG and white goods segments contribute to the maximum value. The 
mean value is 31%. 
10) Warehousing cost: The minimum value is 4% and maximum is 24% FMCG, 
Electronics and white goods segments contributes to the maximum. The mean value is 
ll%ofTSCC. 
11) Inventory carrying cost: The minimum value is 4% and the maximum is 26% 
engineering and auto segments contribute to the maximum value. The mean value is 
14.5%ofTSCC. 
12, 13) Cost of transit losses and damages: The minimum value is zero and the 
maximum value is 8%. This maximum value due to FMCG, auto and white goods 
segments. 
14) Other costs (Insurance, freight, clearance): The minimum value is 0.50% and the 
maximum is 12% for FMCG. Electronics and white goods segments contribute to the 
maximum. The mean value is 6% of TSCC. 
15, 16) Return and processing cost: The minimum value is zero and maximum value 
is 6% Auto, Electronics and white segments contributes to the maximum value. 
17) Logistics cost (Inbound & Outbound): The minimum value is 26% and the 
maximum is 80%. The mean value is 55.5% of TSCC. The manufacturing segments 
inbound transportation cost and FMCG outbound transportation cost are the main 
elements for this maximum value. 
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18) % of on time deliveries: The minimum value is 75% and the maximum value is 
100%. The mean value is 94%. FMCG, White goods & Electronics are contributing to 
the maximum value. 
19) % of supply made as per the quantity ordered: The maximum value is 100% and 
the minimum is 80%. The mean value is 96%. FMCG and Electronics segments are 
contributing to the maximum value. 
20) % of supply on desired quality: The minimum value is 85% and the maximum is 
100%. The mean value is 97.5% FMCG. Electronics and white goods are the major 
contributors to the maximum value. 
21) Raw material inventory holding (Days): The mean value is 2 days and maximum 
is 45 days. The mean value is 19.5 days. Engineering, Electronics and Auto segments 
are contributing to the maximum value. 
22) Work-in-progress Inventory holding (Days): The minimum is 2 days and 
maximum is 36 days. The mean value is 9 days. Engineering, auto and white goods are 
the contributors to the maximum value. 
23) Finished goods Inventory holding (Days): The minimum value is 2 days and 
maximum value is 40 days. FMCG, Electronics and white goods are the contributors to 
the maximum value. The mean value is 12.5 days. 
24) Inventory Turnover (No. of turns): The minimum value is 5 turns and the 
maximum is 31 turns. The mean value is 18 turns. FMCG, Auto and White goods are 
the contributors to the maximum value. 
ANALYSIS OF T-TEST RESULTS (Independent samples) 
Independent samples T-test was used to investigate the differences in means 
between companies belonging to fast moving consumer goods (FMCG) and 
manufacturing groups on each of the metrics the summary results for the same are 
presented in Table 2. 
1. Cycle time metrics 
The significance value is less than 0.05 for cash-to-cash cycle time and supply 
chain flexibility metrics. So we reject the null hypothesis for these cycle time metrics 
and conclude that there are significant differences in the means for these items. For 
example, as for as cash-to-cash cycle time is concerned, the manufacturing sector has a 
higher mean (54.42) than the FMCG sector. Similarly for supply chain flexibility, the 
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FMCG sector has a higher mean (14.95) than the manufacturing sector. For all other 
metrics under cycle time, significant differences were not observed in the mean values 
between manufacturing and FMCG group. (Table 2) 
Table 2 : No significant differences in the mean of Cycle Time Metrics 
Metric 
Procurement Cycle (No. of Days) 
Production Cycle time (No. of Days) 
Delivery Time (No. of Days) 
Total cycle time (No. of Days) 
Cash-to-Cash Cycle time (No. of Days) 
Supply chain Flexibility % 
Nature of 
business 
Manufacturing 
FMCG 
Manufacturing 
FMCG 
Manufacturing 
FMCG 
Manufacturing 
FMCG 
Manufacturing 
FMCG 
Manufacturing 
FMCG 
N 
68 
20 
68 
20 
68 
20 
68 
20 
68 
20 
68 
20 
Mean 
19.29 
18.00 
13.61 
12.95 
7.22 
7.05 
43.79 
41.05 
54.42* 
35.10 
11.45 
14.95* 
Std. 
Deviation 
14.42 
13.97 
13.50 
13.12 
3.23 
2.76 
28.86 
22.37 
27.41 
22.51 
6.26 
7.96 
* There is a significant difference in the mean values of these metrics. 
T-Test (Independent Samples) 
Metric 
Procurement Cycle (No. of Days) 
Production Cycle time (No. of Days) 
Delivery Time (No. of Days) 
Total cycle time (No. of Days) 
Cash-to-Cash Cycle time (No. of Days) 
Supply chain Flexibility % 
t 
..^ 5 
.19 
.21 
.39 
2.87 
-2.05 
df 
86 
86 
86 
86 
86 
86 
Sig.(2-tailed) 
.72 
.84 
.83 
.69 
.00* 
.04* 
* The significance value is less than 0.05 for cash to cash cycle time and supply chain 
flexibility. 
2. Cost metrics 
The significance value is less than 0.05 for out-bound transportation, 
warehousing cost, cost of damages, other costs, return inventory cost and return 
processing cost so we reject the null hypothesis for these cost metrics and conclude that 
there were significant differences in the means for these items. For example, as far as 
return inventory cost is concerned, the manufacturing sector has a higher mean (2.69) 
than the FMCG sector. Similarly for out-bound transportation cost, FMCG has a higher 
mean in out bond transportation cost (36.00) and warehousing cost (15.95) than the 
manufacturing. Cost of damages, FMCG has a higher mean (5.05) than the 
manufacturing group. In other costs metrics FMCG has a higher mean (8.00) than the 
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manufacturing and in return processing cost metrics, manufacturing lias a mean of 2.50 
where as FMCG sector has a mean of zero, i.e., no return processing cost involved in 
the FMCG sector. (Table 3) 
Table 3 No signiflcant difference in the mean of Cost metrics 
Metric 
Total Supply chain cost ( % of sales) 
In-bound transportation cost ( % TSCC) 
Out-bound transportation cost ( % of TSCC) 
Ware-housing Cost (% of TSCC) 
Inventory carrying Cost- (% of TSCC) 
Cost of transit losses ( % of TSCC) 
Cost of damages ( % of TSCC) 
Other Costs (Insurance, freight, clearance) 
(% of TSCC) 
Return Inventory Cost 
Return Processing Cost 
Nature of business 
Manufacturing 
FMCG 
Manufacturing 
FMCG 
Manufacturing 
FMCG 
Manufacturing 
FMCG 
Manufacturing 
FMCG 
Manufacturing 
FMCG 
Manufacturing 
FMCG 
Manufacturing 
FMCG 
Manufacturing 
FMCG 
Manufacturing 
FMCG 
N 
68 
20 
68 
20 
68 
20 
68 
20 
68 
20 
68 
20 
68 
20 
68 
20 
68 
20 
68 
20 
Mean 
7.10 
6.50 
25.11 
22.00 
29.67 
36.00 * 
9.66 
15.95 * 
14.73 
15.00 
2.88 
.3.07 
3.56 
5.05* 
5.52 
8.00* 
2.69* 
2.00 
2.50* 
.00 
Std. 
Deviation 
3.41 
3.00 
7.58 
3.32 
5.44 
4.25 
3.50 
4.63 
5.05 
3.64 
2.04 
1.55 
1.83 
2.32 
2.62 
2.47 
1.38 
.97 
1.59 
.00 
* There is a significant difference in the mean values of these metrics. 
T-Test (Independent Samples) 
Metric 
Total Supply chain cost ( % of sales) 
In-bound transportation cost ( % TSCC) 
Out-bound transportation cost ( % of TSCC) 
Ware-housing Cost ( % of TSCC) 
Inventory carrying Cost- ( % of TSCC) 
Cost of transit losses ( % of TSCC) 
Cost of damages ( % of TSCC) 
Other Costs ( Insurance ,freight, and clearance) ( % of 
TSCC) 
Return Inventory Cost 
Return Processing Cost 
t 
.71 
1.78 
-4.77 
-6.53 
-.21 
-.38 
-2.98 
-3.74 
2.08 
7.01 
df 
86 
86 
86 
86 
86 
86 
86 
86 
86 
86 
Sig (2-tailed) 
.47 
.07 
.00* 
.00* 
.82 
.69 
.00* 
.00* 
.04* 
.00* 
* The significance value is less than 0.05 for Out-bound transportation cost, Ware-
housing Cost, Cost of damages, Other Costs (Insurance, freight, and clearance). Return 
Inventory Cost and Return Processing Cost. 
3. Quality metrics 
The significance value is less than 0.05 for % of on-time deliveries and % of 
supply made as per the quantity ordered so we reject the null hypothesis for these costs 
and conclude that there are significant differences in the means for these items. For 
example, as far as % of on time deliveries is concerned the FMCG sector has a higher 
mean (97.00) than the manufacturing sector. % of supply made as per the quantity 
ordered also FMCG has a higher mean (97.95) than the manufacturing sector. (Table 4) 
Table 4 No significant difference in the mean of Quality metrics 
'7c of on-Time deliveries 
% of supply made as per the quantity ordered 
% of supply on desired quality 
Nature of 
business 
Manufacturing 
FMCG 
Manufacturing 
FMCG 
Manufacturing 
FMCG 
N 
68 
20 
68 
20 
68 
20 
Mean 
92.60 
97.00 * 
95.48 
97.95 * 
97.48 
97.95 
Std. 
Deviation 
5.78 
3.06 
4.57 
2.08 
.3..36 
1.82 
* There is a significant difference in the mean values of these metrics. 
T-Test (Independent Samples) 
% of on-Time deliveries 
% of supply made as per the quantity ordered 
% of supply on desired quality 
t 
-3.25 
-2.32 
-.592 
df 
86 
86 
86 
Sig. (2-tailed) 
.00* 
.02* 
.55 
* The significance value is less than 0.05 for % of on-Time deliveries and % of supply 
made as per the quantity ordered. 
4. Assets metrics 
The significance value is greater than 0.05 for all and so we accept the null 
hypothesis. Raw material inventory holding. Work in progress (WIP) inventory holding. 
Finished goods inventory holding and Inventory turnover, these is no significant 
difference in the mean of assets metrics. (Table 5) 
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Table 5 No signiflcant difference in the mean of Assets metrics 
Raw Material inventory holding (Days) 
Work in progress inventory holding (Days) 
Finished goods inventory holding (Days) 
Inventory Turnover (Turns) No. of times 
Nature of 
business 
Manufacturing 
FMCG 
Manufacturing 
FMCG 
Manufacturing 
FMCG 
Manufacturing 
FMCG 
N 
68 
20 
68 
20 
68 
20 
68 
20 
Mean 
20.29 
16.00 
9.45 
6.55 
11.66 
15.50 
17.77 
18.95 
Std. 
Deviation 
11.43 
9.89 
8.18 
5.47 
9.02 
10.80 
6.58 
5.89 
T-Test (Independent Samples) 
Raw Material inventory holding (Days) 
Work in progress inventory holding (Days) 
Finished goods inventory holding (Days) 
Inventory Turnover (Turns) No. of times 
t 
1.51 
1.49 
-1.59 
-0.71 
df 
86 
86 
86 
86 
Sig. (2-tailed) 
.13 
.14 
.11 
.47 
5. Logistics cost 
The significance value is greater than 0.05 and so we accept the null hypothesis, 
i.e., no significant differences in the means of logistics cost between manufacturing and 
FMCG sector. (Table 6) 
Table 6 No significant difference in the mean of Logistics cost 
Logistics Cost 
Nature of business 
Manufacturing 
FMCG 
N 
68 
20 
Mean 
54.79 
58.00 
Std. Deviation 
9.92 
3.56 
T-Test (Independent Samples) 
Logistics Cost 
t 
-1.41 
df 
86 
Sig. (2-tailed) 
.16 
F-test (ANOVA) one way 
1. Cycle time metrics 
The F-value is 6.986 and the significance value is less than 0.05 for production 
cycle time so we reject the null hypothesis for these cycle time metrics and conclude 
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that there is a significant difference in the mean for these items. For example, as far as 
production cycle time is concerned, the engineering segment has a higher mean (25.11) 
than the other manufacturing segments. Similarly, cash-to-cash cycle time, auto and 
components segment has a higher mean (63.75) than the other manufacturing segments. 
Supply chain flexibility (%), auto & auto components have a higher mean (15) than the 
other segments. All other metrics under cycle time no significance difference in the 
mean values. (Table 7) 
Metrics 
Procurement 
Cycle (No. of 
Days) 
Production 
Cycle time (No. 
of Days) 
Delivery Time 
(No. of Days) 
Total cycle time 
(No. of Days) 
Cash-to-Cash 
Cycle time (No. 
of Days) 
Table 7 Mean values of Cycle time metrics 
Segment 
Auto & Auto 
Components 
Electronics 
White goods 
Engineering 
Total 
Auto & Auto 
Components 
Electronics 
White goods 
Engineering 
Total 
Auto & Auto 
Components 
Electronics 
White goods 
Engineering 
Total 
Auto & Auto 
Components 
Electronics 
White goods 
Engineering 
Total 
Auto & Auto 
Components 
N 
20 
12 
19 
17 
68 
20 
12 
19 
17 
68 
20 
12 
19 
17 
68 
20 
12 
19 
17 
68 
20 
Mean 
20.00 
21.00 
15.00 
22.05 
19,29 
9.05 
10.25 
10.26 
25.11* 
13.61 
7.30 
6.08 
7.00 
8.17 
7.22 
40.40 
54.58 
33.00 
52.23 
43.79 
63.75 * 
Std. 
Deviation 
16.32 
13.09 
11.70 
15.80 
14.42 
10,17 
7.47 
11.59 
16.20 
13.50 
3,55 
2,42 
3.16 
3,39 
3,23 
25,51 
34,07 
23.76 
31,09 
28,86 
23,45 
Minimum 
3,00 
7,00 
3,00 
5,00 
3,00 
2,00 
3,00 
3,00 
3,00 
2,00 
3,00 
3,00 
3,00 
3,00 
3,00 
8.00 
10.00 
8.00 
10.00 
8.00 
16.00 
Maximum 
56.00 
45.00 
45.00 
56.00 
56.00 
45.00 
30.00 
45.00 
60.00 
60.00 
16.00 
10.00 
14.00 
14.00 
16.00 
104.00 
110.00 
90,00 
96,00 
110,00 
96.00 
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Metrics 
Supply chain 
Flexibility % 
Segment 
Electronics 
White goods 
Engineering 
Total 
Auto & Auto 
Components 
Electronics 
White goods 
Engineering 
Total 
N 
12 
19 
17 
68 
20 
12 
19 
17 
68 
Mean 
60.00 
37.00 
59.00 
54.42 
15.00 * 
10.00 
9.00 
11.05 
11.45 
Std. 
Deviation 
33.23 
19.84 
27.87 
27.41 
6.43 
4.76 
3.44 
7.85 
6.26 
Minimum 
30.00 
7.00 
18.00 
7.00 
6.00 
5.00 
5.00 
4.00 
4.00 
Maximum 
120.00 
72.00 
106.00 
120.00 
28.00 
20.00 
15.00 
30.00 
30.00 
Higher mean values for these metrics within manufacturing segment. 
Metrics 
Procurement Cycle 
(No. of Days) 
Production Cycle 
time (No. of Days) 
Delivery Time (No. 
of Days) 
Total cycle time (No. 
of Days) 
Cash-to-Cash Cycle 
time (No. of Days) 
Supply chain 
Flexibility % 
* The significance v 
Segment 
Between Groups 
Within Groups 
Total 
Between Groups 
Within Groups 
Total 
Between Groups 
Within Groups 
Total 
Between Groups 
Within Groups 
Total 
Between Groups 
Within Groups 
Total 
Between Groups 
Within Groups 
Total 
alue is less than 
Sum of 
Squares 
525.17 
13410.94 
13936.11 
3015.41 
9208.64 
12224.05 
32.10 
669.58 
701.69 
5052,.34 
50776.77 
55829.11 
8236.88 
42129.75 
50366.63 
393.92 
2236.94 
2630.86 
0.05 for prod 
df 
3 
64 
67 
3 
64 
67 
3 
64 
67 
3 
64 
67 
3 
64 
67 
3 
64 
67 
uction 
Mean 
Square 
175.05 
209.54 
1005.13 
143.88 
10.70 
10.46 
1684.11 
793.38 
2745.62 
658.27 
131.30 
34.95 
cycle, cash 
F-value 
.83 
6.98 
1.02 
2.12 
4.17 
3.75 
to cash ( 
Sig. 
.47 
.00* 
.38 
.10 
.00* 
.01* 
;ycle time 
and supply chain flexibility metrics. 
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2. Cost metrics 
The F-value is 14.02 and the significance value is less than 0.05 for in-bound 
transportation cost so we reject the null hypothesis for these cost metrics and conclude 
that there is a significant difference in the means for these items. For example, as far as 
in-bound transportation cost is concerned, the engineering segment has a higher mean 
(33.05) than the other manufacturing segments. Similarly, out-bound transportation 
cost, engineering segment has a higher mean (32.0) than the other manufacturing 
segments. Ware-housing cost, auto & components have a higher mean (12.65) than the 
other manufacturing segments. Inventory carrying cost, engineering segment has a 
higher mean (19.05) than the other manufacturing segments. In cost of transit losses 
Auto & components segment has a higher mean (5.00) than the other manufacturing 
segments. Cost of damages auto & components segment has a higher mean (5.00) than 
the other manufacturing segments. Other costs, electronics segments have a higher 
mean (8.08) than the other manufacturing segments. Return inventory cost, auto & 
components segment has a higher mean (4.0) than the other manufacturing segments. 
Return processing cost, auto & components segment has a higher mean (4.0) than the 
other manufacturing segments. It is concluded that except the total supply chain cost (% 
of sales) all other costs, the mean values are significantly different. (Table 8) 
Metrics 
Total Supply chain 
cost ( % of sales) 
In-bound 
transportation cost 
( % TSCC) 
Out-bound 
transportation cost 
(% of TSCC) 
Ware-housing Cost 
(% of TSCC) 
Table 8 Mean values of cost metrics 
Segment 
Auto & Auto 
Components 
Electronics 
White goods 
Engineering 
Total 
Auto & Auto 
Components 
Electronics 
White goods 
Engineering 
Total 
Auto & Auto 
Components 
Electronics 
White goods 
Engineering 
Total 
Auto & Auto 
Components 
N 
20 
12 
19 
17 
68 
20 
12 
19 
17 
68 
20 
12 
19 
17 
68 
20 
Mean 
6.85 
6.00 
8.10 
7.05 
7.10 
24.15 
22.00 
21.00 
33.05 * 
25.11 
25.35 
31.50 
31.00 
32.00 * 
29.67 
12.65 * 
Std. 
Deviation 
3.31 
2.55 
4.40 
2.70 
3.41 
4.74 
4,51 
5.46 
8.42 
7.58 
3.61 
4.60 
5.87 
4.63 
5.44 
3.34 
Minimum 
3.00 
2.00 
3.00 
2.00 
2.00 
12.00 
12.00 
10.00 
16.00 
10.00 
14.00 
24.00 
20.00 
24.00 
14.00 
7.00 
Maximum 
14.00 
10.00 
18.00 
12.00 
18.00 
28.00 
28.00 
30.00 
44.00 
44.00 
28.00 
38.00 
40.00 
38.00 
40.00 
18.00 
20 
Metrics 
Inventory carrying 
Cost-
(%ofTSCC) 
Cost of transit losses 
(%ofTSCC) 
Cost of damages (% 
ofTSCC) 
Other Costs 
(Insurance, freight, 
clearance) 
(% ofTSCC) 
Return Inventory 
Cost 
Return Processing 
Cost 
Segment 
Electronics 
White goods 
Engineering 
Total 
Auto & Auto 
Components 
Electronics 
White goods 
Engineering 
Total 
Auto & Auto 
Components 
Electronics 
White goods 
Engineering 
Total 
Auto & Auto 
Components 
Electronics 
White goods 
Engineering 
Total 
Auto & Auto 
Components 
Electronics 
White goods 
Engineering 
Total 
Auto & Auto 
Components 
Electronics 
White goods 
Engineering 
Total 
Auto & Auto 
Components 
Electronics 
White goods 
Engineering 
Total 
N 
12 
19 
17 
68 
20 
12 
19 
17 
68 
20 
12 
19 
17 
68 
20 
12 
19 
17 
68 
20 
12 
19 
17 
68 
20 
12 
19 
17 
68 
20 
12 
19 
17 
68 
Mean 
10.08 
9.05 
6.52 
9.66 
11.50 
18.08 
12.15 
19.05 * 
14.73 
5.00* 
3.08 
3.00 
0.11 
2.88 
5.00* 
4.08 
4.00 
1.02 
3.56 
5.30 
8.08* 
5.89 
3.58 
5.52 
4.00* 
2.50 
2.00 
2.05 
2.69 
4.00* 
2.00 
3.05 
0.50 
2.50 
Std. 
Deviation 
3.47 
2.14 
1.54 
3.50 
2.03 
5.69 
3.83 
3.74 
5.05 
1.41 
0.79 
0.81 
0.33 
2.04 
0.85 
1.24 
1.33 
.544 
1.83 
.97 
3.42 
2.87 
1.12 
2.62 
0.85 
1.31 
0.81 
1.43 
1.38 
1.25 
1.02 
0.52 
0.30 
1.59 
Minimum 
5.00 
6.00 
4.00 
4.00 
8.00 
5.00 
4.00 
12.00 
4.00 
3.00 
2.00 
2.00 
0.00 
0.00 
4.00 
3.00 
2.00 
0.00 
0.00 
3.00 
1.00 
0.50 
1.00 
0.50 
3.00 
1.00 
1.00 
0.00 
0.00 
2.00 
.50 
2.00 
0.00 
0.00 
Maximum 
18.00 
12.00 
9.00 
18.00 
14.00 
24.00 
18.00 
26.00 
26.00 
8.00 
4.00 
4.00 
1.00 
8.00 
6.00 
6.00 
6.00 
2,00 
6.00 
6.00 
12.00 
10.00 
5.00 
12.00 
6.00 
6.00 
4.00 
4.00 
6.00 
6.00 
4.00 
4.00 
1.00 
6.00 
* Higher mean values for these metrics within manufacturing segment. 
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Metrics 
Total Supply chain cost (% of sales) 
In-bound transportation cost 
(% TSCC) 
Out-bound transportation cost 
( % of TSCC) 
Ware-housing Cost ( % of TSCC) 
Inventory carrying Cost-
(% of TSCC) 
Cost of transit losses (% of TSCC) 
Cost of damages (% of TSCC) 
Other Costs (Insurance, freight, 
clearance) 
(% of TSCC) 
Return Inventory Cost 
Return Processing Cost 
Segment 
Between Groups 
Within Groups 
Total 
Between Groups 
Within Groups 
Total 
Between Groups 
Within Groups 
Total 
Between Groups 
Within Groups 
Total 
Between Groups 
Within Groups 
Total 
Between Groups 
Within Groups 
Total 
Between Groups 
Within Groups 
Total 
Between Groups 
Within Groups 
Total 
Between Groups 
Within Groups 
Total 
Between Groups 
Within Groups 
Total 
Sum of 
Squares 
34.99 
747.28 
782.27 
1529.56 
2327.49 
3857.05 
539.33 
1447.55 
1986.88 
354.57 
466.64 
821.22 
787.85 
925.38 
1713.23 
220.37 
58.68 
279.05 
157.30 
67.65 
224.95 
145.91 
316.52 
462.44 
50.57 
77.94 
128.51 
121.79 
47.94 
169.74 
df 
3 
64 
67 
3 
64 
67 
3 
64 
67 
3 
64 
67 
3 
64 
67 
3 
64 
67 
3 
64 
67 
3 
64 
67 
3 
64 
67 
3 
64 
67 
Mean 
Square 
11.66 
11.67 
509.85 
36.36 
179.77 
22.61 
118.19 
7.29 
262.61 
14.45 
73.45 
.91 
52.43 
1.05 
48.63 
4.94 
16.85 
1.21 
40.60 
.749 
F 
.99 
14.02 
7.94 
16.21 
18.16 
80.11 
49.60 
9.83 
13.84 
54.19 
Sig. 
.39 
.00* 
.00* 
.00* 
.00* 
.00* 
.00* 
.00* 
.00* 
.00* 
* Significance value is less than 0.05 for In-bound transportation cost, Out-bound 
transportation cost, Ware-housing Cost, Inventory carrying Cost-, Cost of transit losses. 
Cost of damages, Other Costs (Insurance, freight, clearance) , Return Inventory Cost 
and Return Processing Cost. 
3. Quality metrics 
The F-value is 3.24 and the significance value is less than 0.05 for % of supply 
made as per the quantity ordered, so we reject the null hypothesis for these quality 
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metrics and conclude that there are significant differences in the means for these items. 
For example, as far as % of supply made as per the quantity ordered is concerned the 
electronics segment has a higher mean (98.08) than the other manufacturing segments. 
Similarly, % of supply on desired quality is concerned, electronics segment has a higher 
mean (100.00) than the other manufacturing segments. As for as % of on-time deliveries 
is concerned, no significant difference in the mean within manufacturing segments, 
(Table 9) 
Table 9 Mean values of Quality metrics 
Metrics 
% of on-Time 
deliveries 
% of supply 
made as per the 
quantity 
ordered 
% of supply on 
desired quality 
Segment 
Auto & Auto 
Components 
Electronics 
White goods 
Engineering 
Total 
Auto & Auto 
Components 
Electronics 
White goods 
Engineering 
Total 
Auto & Auto 
Components 
Electronics 
White goods 
Engineering 
Total 
N 
20 
12 
19 
17 
68 
20 
12 
19 
17 
68 
20 
12 
19 
17 
68 
Mean 
9.^ .55 
95.08 
92.10 
90.29 
92.60 
96.60 
98.08 * 
94.00 
94.00 
95.48 
97.30 
100.00 * 
96.10 
97.47 
97.48 
Std. 
Deviation 
5.28 
3.62 
6.48 
6.24 
5.78 
3.05 
2.06 
5.55 
5.24 
4.57 
2.88 
.00 
3.81 
3.74 
3.36 
Minimum 
84.00 
90.00 
75.00 
80.00 
75.00 
90.00 
95.00 
80.00 
85.00 
80.00 
90.00 
100.00 
90.00 
85.00 
85.00 
Maximum 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
Higher mean values for these metrics in manufacturing segment. 
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Metrics 
% of on-Time deliveries 
% of supply made as per the 
quantity ordered 
% of supply on desired 
quality 
Segment 
Between Groups 
Within Groups 
Total 
Between Groups 
Within Groups 
Total 
Between Groups 
Within Groups 
Total 
Sum of 
Squares 
187.09 
2057.18 
2244.27 
185.26 
1219.71 
1404.98 
112.76 
644.22 
756.98 
df 
3 
64 
67 
3 
64 
67 
3 
64 
67 
Mean 
Square 
62.36 
32.14 
61.75 
19.05 
37.58 
10.06 
F 
1.94 
3.24 
3.73 
Sig. 
.13 
.02* 
.01* 
* Significance value is less than 0.05 for 7r of supply made as per the quantity ordered 
and % of supply on desired quality. 
4. Assets metrics 
The F-value is 10.64 and the significance value is less than 0.05 for work in 
progress inventory holding so we reject the null hypothesis for these assets metrics and 
conclude that there is a significant difference in the mean for these items. For example, 
as for work in progress inventory holding is concerned the engineering segment has a 
higher mean (17.52) than the other manufacturing segments. Similarly, as for finished 
goods inventory holding is concerned, white goods segment has a higher mean (16.05) 
than the other manufacturing segments. All other metrics are concerned there is no 
significant difference in the mean values within manufacturing segments. (Table 10) 
Table 10 Mean values of Assets metrics 
Metrics 
Raw Material 
inventory holding 
(Days) 
Work in progress 
inventory holding 
(Days) 
Segment 
Auto & Auto 
Components 
Electronics 
White goods 
Engineering 
Total 
Auto & Auto 
Components 
Electronics 
White goods 
N 
20 
12 
19 
17 
68 
20 
12 
19 
Mean 
19.05 
22.08 
18.05 
23.00 
20.29 
7.15 
5.75 
7.00 
Std. 
Deviation 
13.49 
5.712 
11.74 
11.64 
11.43 
5.29 
3.27 
6.00 
Minimum 
2.00 
12.00 
4.00 
3.00 
2.00 
3.00 
2.00 
2.00 
Maximum 
45.00 
30.00 
45.00 
36.00 
45.00 
21.00 
12.00 
24.00 
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Metrics 
Finished goods 
inventory holding 
(Days) 
Inventory 
Turnover (Turns) 
No. of times 
Segment 
Engineering 
Total 
Auto & Auto 
Components 
Electronics 
White goods 
Engineering 
Total 
Auto & Auto 
Components 
Electronics 
White goods 
Engineering 
Total 
N 
17 
68 
20 
12 
19 
17 
68 
20 
12 
19 
17 
68 
Mean 
17.52 * 
9.45 
10.80 
12.00 
16.05 * 
7.52 
11.66 
18.20 
15.00 
18.84 
18.05 
17.77 
Std. 
Deviation 
10.29 
8.18 
7.69 
7.55 
12.58 
3.39 
9.02 
7.91 
4.04 
5.62 
7.25 
6.58 
Minimum 
3.00 
2.00 
2.00 
4.00 
2.00 
3.00 
2.00 
6.00 
10.00 
12.00 
5.00 
5.00 
Maximum 
36.00 
36.00 
30.00 
25.00 
40.00 
14.00 
40.00 
30.00 
24.00 
30.00 
31.00 
31.00 
* Higher mean values for these metrics in manufacturing segment. 
Metrics 
Raw Material inventory 
holding (Days) 
Work in progress inventory 
holding (Days) 
Finished goods inventory 
holding (Days) 
Inventory Turnover (Turns) 
No. of times 
•^  Significance value is less 
Segment 
Between 
Groups 
Within 
Groups 
Total 
Between 
Groups 
Within 
Groups 
Total 
Between 
Groups 
Within 
Groups 
Total 
Between 
Groups 
Within 
Groups 
Total 
.han 0.05 fo 
Sum of 
Squares 
289.30 
8470.81 
8760.11 
1493.83 
2995.03 
4488.86 
672.838 
4788.38 
5461.22 
119.02 
2782.66 
2901.69 
r Work in pr 
df 
3 
64 
67 
3 
64 
67 
3 
64 
67 
3 
64 
67 
ogress 
Mean 
Square 
96.43 
132.35 
497.94 
46.79 
224.27 
74.81 
39.67 
43.47 
inventory 
F-
value 
.72 
10.64 
2.99 
.912 
lolding 
Sig. 
.53 
.00* 
.03* 
.440 
(Days) 
and Finished goods inventory holding (Days) 
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5. Logistics cost 
The F-value is 13.17 and the significance value is less the 0.05 for logistics cost 
so we reject the null hypothesis and conclude that there is a significant difference 
existing in the mean of logistics cost. For example, as far as logistics cost is concerned, 
the engineering segment has a higher mean (65.05) than the other manufacturing 
segments. (Table 11) 
Segment 
Auto & Auto 
Components 
Electronics 
White goods 
Engineering 
Total 
Table 11 Mean values of Logistics Cost 
N 
20 
12 
19 
17 
68 
Mean 
49.50 
53.50 
52.00 
65.05 * 
54.79 
Std. Deviation 
7.88 
2.84 
6.80 
11.11 
9.92 
Minimum 
26.00 
50.00 
38.00 
40.00 
26.00 
Maximum 
56.00 
60.00 
60.00 
80.00 
80.00 
Higher mean value for this metric in manufacturing segment. 
Segment 
Between Groups 
Within Groups 
Total 
Sum of Squares 
2520.17 
4080.94 
6601.11 
df 
3 
64 
67 
Mean Square 
840.05 
63.765 
F 
13.17 
Sig. 
.00* 
* Significance value is less than 0.05 for logistics cost 
SUMIVIARY OF CORRELATION AND REGRESSION ANALYSIS TEST 
RESULTS 
1. Cycle time metrics 
Total cycle time (No. of days) was considered as dependent variable, the three 
variables such as cash-to cash cycle time, delivery time, and production cycle time 
explain 80.6% of the variation in the dependent variable. The remaining 19.4% of the 
variation is due to measurement error. Since the significance value of 0.00 is less than 
0.05, we can conclude that the regression model is a good fit. 
2. Cost metrics 
Total Supply Chain cost is considered as dependent variable, the three variables 
such as inbound transportation cost, cost of transit losses and other costs explain 28.1% 
of the variation in the dependent variables. Since the significance value of 0.00 is less 
than 0.05, we can conclude that the regression model is a good fit. 
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3. Quality metrics 
% of on-time deliveries is considered as dependent variable, % of supply made 
as per the quantity ordered explain 41.9% of the variation in the dependent variable. 
Since the significance value of 0.00 is less than 0.05, we can conclude that the 
regression model is a good fit. 
4. Assets metrics 
Inventory turnover (No. of turns) is considered as dependent variable. Raw 
material inventory holding (days) explain 17.0% of the variation in the dependent 
variable. Since the significance value of 0.00 is less than 0.05, we can conclude that the 
regression model is a good fit. 
SUMIVIARY OF FACTOR ANALYSIS RESULTS 
1) Cycle time metrics 
Production cycle time and procurement cycle time account for around 79.17% of 
the variation. Varimax rotation with Kaiser Normalization was used and a rotation 
converged in 3 iterations. The Eigen values for these metrics were greater than one. 
2) Cost metrics 
Total supply chain cost, in - bound transportation cost and Out - bound 
transportation cost account for around 66.53% of the variation. Varimax rotation with 
Kaiser Normalization was used and a rotation converged in 4 iterations. The Eigen 
values of these metrics were greater than one. 
3) Quality / Service metrics 
% of on time deliveries account for around 59.87% of the variation. Varimax 
rotation with Kaiser Normalization was used and a rotation converged in one iteration. 
The Eigen value of this metric was greater than one. 
4) Assets Metrics 
Raw materials inventory holding account for around 58.45% of the variation. 
Varimax rotation with Kaiser Normalization was used and a rotation converged in one 
iteration. The Eigen value of this metric was greater than one. 
Hence the following factors were retained for analysis, as these factors are 
having Eigen values more than one: (1) Total cycle time (2) Procurement cycle time (3) 
Total supply chain cost (4) In-bound transportation cost (5) Out-bound transportation 
cost (6) % of on time deliveries (7) Raw material inventory holding. 
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CONCLUSIONS BASED ON T-TEST (Independent samples) 
The main highlights of the results presented in Table 12 are as under: 
1. No significant differences in the mean values of metrics given below between 
manufacturing and FMCG groups. 
(i) Procurement cycle time (ii) Production cycle time (iii) Delivery time (iv) 
Total cycle time (v) Total supply chain cost (% of sales) (vi) In-bound 
transportation cost (% of TSCC) (vii) Inventory carrying cost (viii) Cost of 
transit losses (ix) % of supply on desired quality (x) Raw material inventory 
holding (xi) Work in progress inventory holding (xii) Finished goods inventory 
holding (xiii) Inventory turnover (xiv) logistics cost (In-bound + Out-bound). 
2. However, significant differences in the mean values of the following metrics 
were observed (Between manufacturing and FMCG groups): 
(i) Cash-to-cash cycle time (ii) Supply chain flexibility (%) (iii) Out-bound 
transportation cost (iv) Ware-housing cost (v) Cost of damages (vi) Other costs 
(Insurance, Freight, and Clearance) (vii) Return Inventory cost (viii) Return 
processing cost (ix) % of on-time deliveries (x) % of supply as per the quantity 
ordered. 
Table 12 T-Test Results (Independent samples) 
Metrics 
Procurement cycle time (No. of days) 
Production cycle time (No. of days) 
Delivery Time 
Total cycle time 
Cash-to-Cash cycle time 
Supply chain flexibility (%) 
Total supply chain cost (% of sales) 
In-bound transportation (% of TSCC) 
Out-bound transportation (% of TSCC) 
Ware-housing cost (% of TSCC) 
Inventory carrying cost (% of TSCC) 
Cost of transit losses (% of TSCC) 
Cost of damages (% of TSCC) 
Other costs (Insurance, freight & clearance) 
Return Inventory cost 
Return processing cost 
t 
0.35 
0.19 
0.21 
0.39 
2.87 
-2.05 
0.71 
1.78 
-4.77 
-6.53 
-0.21 
-0.38 
-2.98 
-3.74 
2.08 
7.01 
df 
86 
86 
86 
86 
86 
86 
86 
86 
86 
86 
86 
86 
86 
86 
86 
86 
Sig. 
(2 tailed) 
0.72 
0.84 
0.83 
0.69 
0.00 
0.04 
0.47 
0.07 
0.00 
0.00 
0.82 
0.69 
0.00 
0.00 
0.04 
0.00 
Remarks 
NS* 
NS 
NS 
NS 
S* 
s 
NS 
NS 
S 
s 
NS 
NS 
s 
s 
s 
s 
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Metrics 
% of on-time deliveries 
% of supply made as per the quantity ordered 
% of supply on desired quality 
Raw Material Inventory holding (days) 
Work In Progress Inventory holding 
Finished Goods Inventory holding 
Inventory Turnover (No. of turns) 
Logistics cost: (% of TSCC) 
t 
-3.25 
-2.32 
-0.59 
1.51 
1.49 
-1.59 
-0.71 
-1.41 
df 
86 
86 
86 
86 
86 
86 
86 
86 
Sig. 
(2 tailed) 
0.00 
0.02 
0.55 
0.13 
0.14 
0.11 
0.47 
0.16 
Remarks 
S 
s 
NS 
NS 
NS 
NS 
NS 
NS 
*NS - Non-significant 
*S - Significant 
CONCLUSIONS BASED ON F-TEST (ANOVA) - One way 
The main highlights of the results presented in Table 13 are as under: 
1. No significant differences in the mean values of metrics between manufacturing 
segments for the following metrics: 
(i) Procurement cycle time (ii) Delivery cycle time (iii) Total cycle time (vi) 
Total supply chain cost (v) % of on-time deliveries (vi) Raw material inventory 
holding (vii) Inventory turnover. 
2. However, significant differences were observed in the mean values of the 
following metrics (Between manufacturing segments): 
(i) Production cycle time (ii) Cash-to-cash cycle time (iii) Supply chain 
flexibility (%) (vi) In-bound transportation cost (% TSCC) (v) Out-bound 
transportation cost (vi) Ware-housing cost (vii) Inventory carrying cost (viii) 
Cost of transit losses (ix) Cost of damages (x) Other costs (Insurance, Freight & 
Clearance) (xi) Return inventory cost (xii) Return processing cost (xiii) % of 
supply made as per the quantity ordered, (xiv) % of supply on desired quality 
(xv) Work in process inventory holding (xvi) Finished Goods, inventory holding 
(xvii) Logistics cost (In-bound -I- Out-bound) 
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Table 13 F-Test Results 
Metrics 
Procurement cycle time (No. of days) 
Production cycle time (No. of days) 
Delivery Time 
Total cycle time 
Cash-to-Cash cycle time 
Supply chain flexibility (%) 
Total supply chain cost (% of sales) 
In-bound transportation (% of TSCC) 
Out-bound transportation (% of TSCC) 
Ware-housing cost (% of TSCC) 
Inventory carrying cost (% of TSCC) 
Cost of transit losses (% of TSCC) 
Cost of damages (% of TSCC) 
Other costs (Insurance, freight & clearance) 
Return Inventory cost 
Return processing cost 
% of on-time deliveries 
% of supply made as per the quantity ordered 
% of supply on desired quality 
Raw material Inventory holding (days) 
Work in progress Inventory holding 
Finished goods Inventory holding 
Inventory Turnover (No. of turns) 
Logistics cost: (% of TSCC) 
F-Value 
0.83 
6.98 
1.02 
2.12 
4.17 
3.75 
0.99 
14.02 
7.94 
16.21 
18.16 
80.11 
49.60 
9.83 
13.84 
54.19 
1.94 
3.24 
3.73 
0.72 
10.64 
2.99 
0.91 
13.17 
df 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
Level of 
Sig. 
0.47 
0.00 
0.38 
0.10 
0.00 
0.01 
0.39 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.13 
0.02 
0.01 
0.53 
0.00 
0.03 
0.44 
0.00 
Remarks 
NS* 
S* 
NS 
NS 
S 
s 
NS 
s 
s 
s 
s 
s 
s 
s 
s 
s 
NS 
s 
s 
NS 
s 
s 
NS 
s 
*NS - Non-significant 
*S - Significant 
DIRECTION FOR FUTURE RESEARCH 
On the basis of extensive literature survey as also insights gained during the 
course of the present study, the following recommendations can be made regarding 
directions for future research: 
There is a need for continued research in the area to keep track of the changes 
occurring in FMCG and manufacturing domains. This is all the more necessary as 
measuring supply chain performance is still in its stages of infancy in India. 
Instead of focusing on the two broad sectors, i.e., FMCG and discrete 
manufacturing, future researchers need to concentrate on sub-segments within 
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two. Also other segments such as agro-products, leather, textile, continuous 
manufacturing etc may be studied. 
3. To gain a deeper understanding, it is suggested that detailed researches need to be 
carried out focusing on other metrics such as perfect order, % of sales from new 
product, cycle time of design to dispatches, order fill rate, supply chain flexibility 
(both up stream & down stream), demand management, forecasting accuracy etc 
identified during the course of the present study. 
4. Future researchers can perhaps improve upon the methodology adopted in the 
present study, for instance, they can administer questionnaires personally. It is 
hoped that this may lead to improvement in the quality of responses that could 
probably bring in more reliable and generalizable findings. 
5. There is a need to carry out comparative studies focusing companies that have 
successfully adopted supply chain performance measurements in countries like 
India, China and U.S.A. The same may not only add to the extant literature on the 
subject but may also enable the researchers in identifying areas where 
improvement can be affected on the basis of experiences of supply chain 
performance measurement in these countries. 
6. There is a need to Bench mark internally and globally to the extent possible. 
Researchers should establish the linkages between supply chain metrics and 
financial parameters. 
7. The sampling frame of the present study i.e., IIMM data bank, consisting of 
premier companies, may have given the study bias in favor of those companies 
who are members. Thus, future researchers need to make an attempt to remove 
this bias. 
8. The structured questionnaire approach used in the present study can be 
supplemented with case study method to gain better and deeper understanding. 
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PREFACE 
Today's competitive pressures compel companies to continually seek new 
ways of doing business supply chain management is one such area which can provide 
the companies with an effective tool to build an advantage over their competitors. 
Competitive advantage no longer resides with the company's own capabilities, but 
with the relationships that the firm can forge with their external partners-the 
customers, the suppliers and other service providers, forming a network called the 
supply chain. Supply chain acts as bridge between the supply and demand. 
If the supply chain is not managed properly, then the delivery gets affected, 
resulting in customer dissatisfaction and hence loss of business. Driver by customer 
demands for fast, efficient service and the need to reduce inventory and logistics 
cost, companies have discovered that their ability to manage effectively the entire 
supply chain, from raw materials to delivery of the finished goods to the customer, is 
a major source of competitive advantage. 
Companies are looking out for emerging technologies to collect information 
along the supply chain for timely decision making. This overall integrated 
management of supply chain increases the competitiveness of the firm. Effective 
supply chain performance measurement and management is key to achieving supply 
chain excellence. Yet measuring performance effectively remains a major challenge 
for most companies. We can not manage what we cannot measure and supply chain 
is one of the most important functions to manage. With the background, a focus was 
given to do research on measuring supply chain performance in selected Fast Moving 
Consumer Goods (FMCG) and discrete manufacturing industries. The reason for 
selecting these two segments are: i) these segments are playing a vital role in the 
economy development of our country and ii) different and growing segments. This 
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thesis comprising of 6 main chapters in it. First chapter mainly deals with the 
background of the study, the problem, justification for the study and research 
objectives. 
The second chapter includes supply chain management (SCM) overview, the 
various connotations of SCM, the objectives of a supply chain, analysis of supply 
chain management (SCM), identifying the appropriate supply chain strategy, supply 
chain design challenges and process, supply chain performance drivers and obstacles, 
supply chain performance measurements and Indian scenario. The chapter concludes 
with SCM for competitive Advantage. 
The third major chapter deals with need for the study, the problem statement, 
research objectives, scope of the study, the research frame work, the research 
methodology, selection criterion, reliability and validity of the instrument, method of 
analysis and assumptions of the research study. The chapter concludes with 
limitations of the study. 
The fourth chapter includes introduction, sequence of analysis, analysis and 
interpretation of descriptive statistics, T-test statistics, F-test (Anova), Correlation 
and Regression analysis and Factor analysis. 
The fifth chapter includes introduction, conclusions, best practices in supply 
chain management (SCM), comparison of major findings with literature and 
direction for future research. For the sake of clarity, the chapter has been divided into 
section-I deal with the conclusions and recommendations and section-II deals with 
the directions for future research. 
Chapter 6 deals with the references. References include text books, research 
journals and articles and materials from websites. 
C. SENGOTTUVELU 
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CHAPTER 1 
INTRODUCTION 
This chapter presents the background of the study, the problem, justification 
and research objectives. 
1.1 BACKGROUND 
Shortened product life cycles, increased competition and high expectations of 
customers have forced many leading-edge companies to move from physical 
logistics management towards more advanced supply chain management. 
Additionally in recent years it has become clear that many companies have reduced 
their manufacturing loss as much as it is practically possible. Therefore in many 
cases the only possible way to further reduce loss and lead times is with effective 
supply chain management (SCM). 
In addition to cost reduction, the supply chain management also facilitates 
customer service management, inventories, transportation systems and whole 
distribution net works so that organizations are able to meet or even exceed their 
customers expectations. 
Nowadays, the SCM is core business concept that is deeply embedded within 
the functional backbone of an organization starting from purchasing, then to 
manufacturing, distribution to customer service and ending with sales. It forms a key 
factor in gaining customer loyalty and reducing costs. However, the reliability of the 
supply chain management depends on complex and dynamic network of facilities 
and organizations with different conflicting objectives. 
The supply chain management is the integration of key business process from 
goods end user through original suppliers, which provides products, services and 
information that add value for customers and other stakeholder. The supply chain 
management not surprisingly, emerges as the core constituent that needs to be 
understood and handled deftly, if the object of a supplier is to fulfill the customers' 
needs. In an article in the Hindu Business News (March,2002), that according to the 
President of the Spencer & company "SCM is critical to retail business" not just for 
continuity in supply, but to bring to customers fashionable, latest, best and better 
value products, thus making the SCM is critical. Experts feel that in manufacturing 
and fast moving consumer goods (FMCG), outsourcing of SCM makes sense. In life 
style products, however outsourcing of SCM can get little unpredictable in view of 
fast changing fashion. 
In an article in The Economic Times 500 (September, 2002), mentioned that 
The value of the organized market in India is estimated at $ 9 billion as against 
Brazil's FMCG market in 2000-01 being $ 12 billion in FMCG. The FMCG sector is 
expected to clock over 40% growth in the next 5 years. This indicates the opportunity 
available for phenomenal growth of FMCG segment. Similarly in the manufacturing 
segment 20% to 30% of the value of all goods and services produced will enhance 
the economy of the country. A country's level of manufacturing activity is directly 
related to its economic health. Manufacturing factory of the world continues to 
register the highest growth rate globally year after year. But manufacturing is 
currently undergoing a transition (Nasibitt, 1984) which though evolutionary from a 
technology view point is revolutionary on its impact on the economy and 
employment. Thus manufacturing is considered as an economic process. 
Indian companies are to leverage the supply chain for competitive advantage 
and as such, there are only few initiatives to measure the performance of their 
existing supply chain systems. The supply chain management initiatives could be 
considered as a competitive tool and a cost reduction approach (Ramakrishnan, 
2006). 
1.2 THE PROBLEM 
Increasing uncertainly of supply networks, globalization of business 
proliferation of product variety and shortening of product life cycles have forced 
Indian organization to look beyond their 4 walls for collaboration with supply chain 
partners. With a gross domestic product (GDP) of over $ 47.43 billion, the industry 
spends 14% percent of its GDP on logistics. (Raghuram & Rangraj, 2000). Another 
article in the Wall Street Journel (March, 2006), mentioned that annual global 
logistics expenditures exceeded $ 3.5 thrillion, nealy 20% of the world's GDP, 
making logistics perhaps the last frontier for major corporations to significantly 
increase shareholder and customer value. 
In an article in the Economic Times 500 (September, 2002), mentioned that 
India's 10% GDP growth is based on two areas ie., industry and services. At a macro 
level the projected 7.9 % GDP growth for the current fiscal 2006-07 is indeed a mark 
able achievement for the Indian economy by past standards. In this direction, SCM 
has to play an important role in the economic process of the country. 
On the evolution of the component industry in India, the quality cost and 
delivery has improved a lot as Mashiro Takedagawa, president and CEO of Honda 
Siel car company tells. Nevertheless, he says that logistic cost can not be wished 
away as "Local procurement is necessary to improve cost" he adds. 
In an another article in the Hindu Business News (April, 2002), mentioned 
that the government aims at increasing the share of manufacturing in the country's 
gross domestic product (GDP) from 17 to 33 percent emphasizing the importance of 
manufacturing in India's growth, the sector contributed to about 53 percent of 
exports and received more than two - thirds of total foreign investments. It 
accounted for 11 percent of the workforce of about 45 million. In particular, the 
importance of Small and medium enterprises (SME) should be focused. 
Strengthening the SME sector is one of the principles which the Govt of India is 
following ultimately. The SMEs in the manufacturing segment will be the backbone 
of a strong Indian economy. 
Considering this scenario it is necessary to study the supply chain practices, 
its performance being followed by Indian industries and to suggest areas for 
improving the same. Some of the questions asked are "What are the metrics used for 
measuring supply chain performance in manufacturing and FMCG industries? What 
are the best practices that followed across various industries in India and globally 
with a view to bench marking them with best practices? This research attempts to 
answer questions through a survey of a sample of selected industries in 
manufacturing and FMCG segments. This research includes the various performance 
metrics of supply chain, commonality among the best performing supply chins. 
Measuring the performance against industry standard is called as bench marking. 
Monitoring supply chain performance is an intriguing new field according to 
Lee and Whang (2001). Supply chain monitoring must start with tight tracking of the 
many different process involved in a solutions are appearing to provide updated 
information on how products and information flow through the different parts of the 
supply chain. Supply chain performance measures can be classified broadly into two 
categories, (i) Qualitative measures (such as customer satisfaction and Product 
quality and (ii) Quantitative measures (such as order to delivery lead time, supply 
chain response time, flexibility resource utilization, delivery performance etc). 
(www.supply-chain.com)Improving supply chain performance requires a multi 
dimensional strategy that addresses as to how the organization serves diverse 
customers' needs. While the performance measurements may be similar, the specific 
performance goals of each segment may be quite different. 
Supply chain performance measurements can cover many areas, including 
procurement, production, distribution, warehousing, inventory, transportation and 
customer service. However, a good performance is shall cover the entire spectrum of 
the supply chair. Any supply chain is only as strong as its weakest link. The solution 
is to measure all key areas of the supply chain. Since "What gets measured, gets 
managed" it is inevitable that once such measures are put in place, management 
attention will be directed to these key issues. (Lapidel998). Measurement is 
important, as it affects behavior that impacts supply chain performance. As such, 
measurement provides means by which a company can assess whether its supply 
chain has improved or degraded. 
1.3 JUSTIFICATION FOR THE STUDY 
It is effective supply chain management that ensures goods delivery in time 
from one place to another. Essentially a management strategy, Supply chain 
management (SCM) is a relatively new concept in India. In today's world. Supply 
chain management (SCM) tracks movement of men, material, money, machinery and 
information from one point to another (Kapoor & Kansal, 2003). The classic 
objectives of logistics and supply chain management are to be able to have the right 
products in the right quantities (at the right place) at the right moment of minimal 
cost (Nevem work group, 1989). Supply chain management (SCM) is commonly 
described as a systematic method where the right material is delivered to the right 
customer, in right quality and quantity and at the right place at the right price 
(www.supply-chain.com). 
In today's competitive business environment, companies world over are 
shifting their attention towards understanding and implementing extended supply 
chain management that integrates product, process and information flows within and 
across organizational boundaries. Rapidly changing user demand and developments 
in information technology (IT) are forcing companies to look for and implement 
continuous improvements in their supply chains. This in turn requires performance 
metrics which assess the entire supply chain performance rather than narrow 
company - specific or process-specific performance, which restrain improvements 
across the chain. 
The fundamental objective of a high performing supply chain is to produce 
products to match customer's demand cycle, while producing the greatest value 
possible to the customers. The increasing competitive and reliable supply chain. 
Supply chain management is no longer a matter of operational and functional areas 
of the firm. Today, it is a strategic issue demanding top level management attention. 
The supply chain can have huge leverage on the creation of customer value. Supply 
chains will fight the new battle for market dominance, as such measurements around 
the Supply chain are critical. If we look at competition today, it is "Supply chain 
versus supply chain" (Ramakrishnan, 2006). This brings out a situation that 
competitors night focus on developing superior supply chain performance. 
Globally, a variety of 'measurement-approaches' such as the supply chain 
council's SCOR model, the logistics score card and balanced score card etc. are 
widely used to track metrics and ensure continues improvement (Lapide, 2000). The 
role of these measures and metrics in the success of an organization cannot be 
overstated because they affect strategic tactical and operational planning and control. 
Performance measurement and metrics have an important role to play in setting 
objectives, evaluating performance and determining future courses of actions. 
Performance measurement and metrics pertaining to supply chain have not received 
adequate attention from researchers and / or industries. 
This study is focused on metrics which are followed generally by a cross 
section of industries. The metrics such as cycle time, cost, quality and assets are 
selected for performance measurements in this study. These operational metrics 
could be easily linked with financial measures. For example. Inventory turns with 
working capital, cycle time with return on investments, quality with customer 
satisfaction level etc, these metrics are already tested by some of the researchers in 
the past. This study is focused on evaluating existing supply chain metrics that are 
followed across various industries in manufacturing and Fast Moving Consumer 
Goods (FMCG) in India and also bench mark globally with best practices. 
1.4 RESEARCH OBJECTIVES 
The overall purpose of this research was to measure the supply chain 
performance in selected segments in manufacturing which included auto & auto 
components, electronics, white goods, engineering and also FMCG sector. The 
objectives were: 
1. To determine and measure performance metrics in the supply chain of 
FMCG and manufacturing segments. 
2. To study the significance of cycle time metrics in fast moving 
consumer goods (FMCG) and manufacturing industries. 
3. To study the significance of cost metrics, in fast moving consumer 
goods (FMCG) and manufacturing industries. 
4. To study the significance of quality metrics, in fast moving consumer 
goods (FMCG) and manufacturing industries. 
5. To study the significance of assets metrics in fast moving consumer 
goods (FMCG) and manufacturing industries. 
6. To study the significance of logistics cost metrics in fast moving 
consumer goods (FMCG) and manufacturing industries. 
7. To study the significance of cycle time metrics, within manufacturing 
industries. 
8. To study the significance of cost metrics within manufacturing 
industries. 
9. To study the significance of quality metrics within manufacturing 
industries. 
10. To study the significance of assets metrics within manufacturing 
industries. 
11. To study the significance of logistics cost metrics within 
manufacturing industries. 
12. To study the relation ship among the SCM performance metrics. 
13. To assess the current supply chain metrics followed across various 
industries in India and compare the same with best practices in the 
respective industries. 
14. To compare the Indian practices with that followed globally, wherever 
possible. 
15. To provide inputs on improvements possible in supply chain metrics 
across various industry verticals. 
CHAPTER 2 
REVIEW OF LITERATURE 
This chapter includes supply chain management (SCM) overview, the various 
connotations of SCM, the objectives of a supply chain, analysis of SCM, identifying 
the appropriate supply chain strategy, supply chain design challenges and process, 
supply chain performance drivers and obstacles, supply chain performance 
measurements and Indian scenario. The chapter concludes with SCM for competitive 
Advantage. 
2.1 Supply Chain Management: An Overview 
The term supply chain management (SCM) was introduced by consultants in 
the early 1980s (Lambert & Cooper, 2000). It has its origins in the logistics literature 
(Bowersox ,1999) and logistics has continued to have a significant impact on the 
concept. The concept of SCM builds on the theories of the firm, especially 
transaction cost economics. Porter's value chain and the network approach have 
become a useful business paradigm. 
Essentially as a management strategy, the SCM is a relatively, a new concept 
in India. Logistics is not synonymous with SCM, but an important aspect of SCM. 
SCM is a newly accepted term since the 1990s. In the era of globalization, systematic 
implementation of SCM has become vital. 
A literature review made by researcher (Croom, 2000) shows a relative lack 
of theoretical work compared to empirical based studies. Croom underlines that 
theoretical development is critical to the establishment and the development of 
theory on supply chain management, despite the large amount of research conducted 
by the academia and the management practice tried out in different Industries, the 
SCM is still in its infancy. There is an interesting and attractive future ahead of SCM 
to be a challenge both in academia and in practice (Stevenson, 2002). 
2.2 THE VARIOUS CONNOTATIONS OF SCM 
• Management of Material and Information flows both in and between facilities 
such as Vendors, Manufacturing and Assembly plants and distribution 
centers (Thomas and Griffin, 1996). 
• An integrated process, where raw materials are transformed into final 
products then delivered to customers (Beamon, 1999). 
• Systematic effort to provide integrated management to meet customers needs 
and expectation from the suppliers of raw materials through manufacturing to 
end customers (Hicks, 1999). 
*t* A supply chain is a network of facilities that procure raw materials, transform 
them into intermediate goods and then final products and deliver the produces 
to customers through a distribution system (Lee & Billington, 1992). 
• A supply chain is a network of facilities and distribution options that perform 
the functions of procurement of materials, transformations of these materials 
into intermediate and finished products and the distribution of these products 
to customers (Ganeshan & Harrison, 1995). 
•t* A network of autonomous or semi-autonomous business entities collectively 
responsible for procurement, manufacturing, and distribution activities 
associated with one or more families of related products (Jayashankar, Smith 
&Sadeh,1996). 
In addition to the above. Supply chain literature is full of definitions for 
supply chains. Given below are some of the notable SCM definitions: 
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s 
No 1 
2 
3 
4 
5 
6 
7. 
Definition 
SCM is the integration of key business processes from 
end user through original suppliers what provides 
products, services and information that add value for 
customers and other stakeholders. 
SCM is the management of flow of material, fund and 
information from supplier's supplier to customer's 
customer. 
"Integrated SCM is a process oriented, integrated 
approach to procuring, producing and delivering 
products and services to customers. Integrated supply 
chain management has a broad scope that includes sub -
suppliers, suppliers, internal operations, trade customers, 
retail customers and end users. It covers the 
management of materials, information and funds flow. 
"The integration of business process from end user 
through original suppliers, that provide products, 
services and information that add value for customers" 
A "Supply Chain" consists of all of the entities 
necessary to transform ideas into delivered products and 
services. The SCM directs and transforms a firm's 
resources in order to design, purchase, produce and 
deliver high quality goods and services. As goods and 
services flow from supplier to producer to customer to 
final user, SCM is particularly concerned with the 
interfaces between organizations. One way to view 
supply management is as the management of linkages 
between organizations. 
Supply chain management as "the process of planning 
implementing and controlling efficient and cost-
effective flow of materials, in-process inventory, 
finished goods, and related information from point-of-
order to point-of-consumption, for the purpose of 
conforming to customer requirements". 
Supply chain management means planning, organizing 
and controlling of supply chain activities. Supply chain 
is understood as the process starting from the 
procurement of raw materials to the ultimate 
consumption of the finished product linking across 
supplier user companies, or the functions inside and 
outside a company that enable the value chain to make 
products and provide services to the customer. In a 
nutshell it mean from the customer to the customer. 
Organization 
The Global Supply 
Chain Forum, 2004. 
Mckinsey Survey 
August, 2003. 
MIT official 
definition, 1998. 
Ohio State 
University. 
Arizona State 
University. 
The Council of 
Logistics 
Management 
American 
production and 
Inventory control 
society dictionary. 
11 
The SCM aims to increase sales, reduce cost and make full use of assets by 
streamlining the interaction and communication of all participants along the supply 
chain. The SCM solutions use networking technology to link suppliers, distributors 
and business partners to better satisfy the end customers, while feeding real time data 
about customers', demand into the partners' production and distribution processes. 
According to Performance measurement group studies, it is mentioned that 
the supply chain improvements lower costs as much as 25% in one year. 
2.3 THE OBJECTIVES OF A SUPPLY CHAIN 
The objective of every supply chain is to maximize the overall value 
generated. The value a supply chain generates is the difference between what the 
final product is worth to the customer and the eff ort the supply chain expends in 
filling the customer's request. For most commercial supply chains, value will be 
strongly correlated with supply chain profitability, the difference between the 
revenue generated from the customer and the overall cost across the supply chain 
(Chopra & Meindl, 2002). The other objectives are (Kulkarni & Sharma, 2004). 
1. To reduce the physical supply chain links, 2. To define supply chain 
responsibilities to a specific core service competency and 3. To decrease the time and 
cost of getting end user customer products in volume to markets world wide. The 
success of a supply chain should be measured in terms of supply chain profitability 
and not in terms of the profits. 
Hierarchy of Objectives 
The classic objective of logistics is to be able to have the right product in the 
right quantities, at the right place, at the right moment and at minimal cost. Figure-
2.1 shows the hierarchy of objectives. The 4 main areas of concern within supply 
chain management are (Nevem - work group, 1989). a) Flexibility b) Delivery 
reliability c) Delivery time / Lead time and d) Inventory level. 
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Figure 2.1 Hierarchy of Objectives 
The right 
Products 
1 ' 
In the right 
Quantities 
' r 
Flexibility 
" 
At the right 
Moment 
IL. 
Delivery 
Reliability 
i r 
At minimal 
Cost 
w ir 
Delivery 
/ Lead time 
Inventory 
Level 
(Source: (Nevem - work group, 1989). 
The two middle boxes in the lower row of Figure-2.1 i.e. delivery, reliability 
and delivery time, are both aspects of customer, service, which is highly dependent 
on the first box, flexibility and on the last box inventory. Inventory is an insurance 
for demand uncertainty and supply. Figure-2.2 shows how the three issues described 
above are interdependent. To put it very simply, all depend on all. 
Figure 2.2 Interrelations of Flexibility, Customer Service and Inventory 
Influences Influences 
(Source : (Lee & Billington, 1995). 
In the course of research and industry study the authors came across on any 
definitions of supply chain and worse, several interpretations of supply chain. Based 
on the literature review (Altekar, 2005; Ammer, 1977; Bloomberg, Lemay & Hanna, 
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2002; Coyle, Bardi & Langley, 1996; Dobler, Burt & Starling, 2006; Lee, Krajewski 
& Ritzman, 2000; Waller, 1999; Kulkarni & Sharma, 2004; Mohanty & Deshmukh, 
1991 & Shapiro, 2001). Supply chains can be categorized as: 1. Raw supply chains 2. 
Ripe supply chins. 3. Internal supply chains, 4. Extended supply chains, 5. Self-
monitored supply chains, 6. Outsourced supply chains, 7. Production-oriented supply 
chains, 8. Financial-oriented supply chains, 9. Market-oriented supply chains and 10. 
Value chains (complete supply chains) 
The supply chain assumes a flow of value to the customer and pricing 
pressure to the supplier. Reality is a lot more complex (Hughes, Ralf & Michels 
1999). These researchers have identified the following 9 types supply chain, across a 
wide range of sectors each meets different types of business need. 1) Arm's length 
open competition, 2). Commodity trading, 3) Partnering for customer delight, 
4) From supplier's suppliers to customer's customers, 5) Lean supply chain and 
systems integration, 6) Competing constellations of linked companies, 
7) Interlocking network supply between competitors, 8) Asset control supply 
dominate or die and 9) Virtual supply. No production, only customers. 
2.4 ANALYSIS OF SUPPLY CHAIN 
Structuring the supply chain requires an understanding of the demand 
patterns, service level requirements, distance considerations, cost elements and other 
related factors. It is easy to see that these factors are highly variable in nature and this 
variability needs to consider during the supply chain analysis process. Moreover, the 
interplay of these complex considerations could have significant bearing on the 
outcome of the supply chain analysis process. 
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2.4.1 Supply Chain Constituents and Its Types 
These are the support structures on which the SCM rests and functions 
effectively: 1. Information, 2. Supply, 3. Production, 4. Distribution and 5. Supply 
stock (Inventory) (Marien, 2000; Levi, Philipkaminsky & Levi, 2004; Chopra & 
Meindl, 2002; & Taylor, 2004; Kulkarni & Sharma, 2004; Cooper & EUram, 1993; 
Davis, 1993; & Lambert & Pohaln, 2001; Lambert & Cooper, 2000). 
Figure-2.3 shows an example of a supply chain. Materials flow downstream, 
from raw material sources through a manufacturing level transforming the raw 
materials to intermediate products (also referred to as components or parts). These 
are assembled on the next level to form products. The products are shipped to 
distribution centers and from there on to retailers and customers. 
The success of a supply chain in simple terms, are based on two parameters. 
They are a) Highest customer satisfaction - perhaps with high speed and b) Lowest 
operating cost - with lowest inventory (Gopinath, 2006; Hill, 2001; Hammel & 
Kopczak, 1993; Gattorna, 2003 & Taninecz, 2000). 
The relatively recent incorporation of the term network into supply chain 
management research can be seen as an attempt to make the concept wider. 
According to Lamming, (2000) that two distinct streams of research have been 
influential in the dependent of the concepts of supply networks. A network "is a 
structure where a number of nodes are related to other by specific threads 
(Ford, 2000). Supply networks can be defined as" .sets of supply chains describing of 
flow of goods and services from original sources to end customer's (Lamming, 
2000). 
15 
Figure 2.3 An example of a typical Supply Chain 
DOWN STREAM 
Legend : • Material flow / transportation ( j Raw materials Supplierj 
[ J Manufacturing plant 
D Retailers / Customers. Distribution Centre 
(Source : http:// silmari.smeal.psu.edu/misc/supply_chain_intro.html) 
The SCM frame work by Lambert & Cooper (2000) as shown in Figure 2.4 is 
interesting and challenging as it describes the interrelated nature of SCM and the 
need to proceed through several steps in order the manage a supply chain. 
Figure 2.4 SCM Framework 
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Supply Chain Business Processes 
Supply Chain Management 
Components 
(Source : Kalro, 2006) 
The main challenge of any business is to satisfy the customer. According to 
Theodore Levitt, (2006) {Famous for "Marketing Myopia") the purpose of a 
"Business is to create and keep customers". 
From point of view of SCM, in satisfying customers the following major 
challenges remain (Figure 2.5): 
a) Lead Time 
b) Customization, and 
c) Cost 
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Figure 2.5 SCM Challenges 
Long 
Responsiveness 
Short 
Changing Customer 
Preferences 
Low 
(Source : Kalro, 2006) 
The main focuses areas are 
a) Procurement cycle 
b) Manufacturing 
c) Replenishment cycle and 
d) Customer order cycle. 
Low 
Price 
Cost 
Hi2h 
The classic objective of logistics and supply chain management are to be able 
to have the right products in the right quantities (at the right place) at the right at 
minimal cost. The four main areas of concern with in supply chain management are 
(Nevem - work group 1989): 1. Delivery reliability and delivery times are related to 
customer service. 2. Flexibility and inventory. Customer service highly dependent on 
flexibility and inventory. These terms and their interrelations are shown in 
Figure 2.1. 
2.4.2 Sequential Versus Global Optimization 
In sequential supply chain each party determines its own course of action 
independent of the other parties. For example, retailer makes a purchasing decision 
to optimize his own profit, and the manufacturer reacts to decisions made by the 
retailer (Levi, Kaminsky & Levi, 2004). 
It is natural to look for mechanisms that enable supply chain entities to move 
beyond this sequential optimization and toward global optimization. 
Figure 2.6 shows the differentiation between sequential supply chain and 
global optimization. 
A Sequential Optimization : 
Figure 2.6 Sequential Versus Global Optimization 
Demand 
Planning > 
Distribution 
Planning 
Manufacturing 
Planning ^ 
Procurement 
Planning 
Supply Chain Trap 
B Global Optimization 
Supply Contracts / Collaboration 
Integration / DSS : SC Execution 
Demand 
Planning 
Distribution 
Planning 
Manufacturing 
Planning 
Procurement 
Planning 
Order fulfillment 
(Source: MIT Forum for Supply Chain Innovation) 
From literature review (Gopinath, 2006 & Levi, Kaminsky & Levi, 2004) it is 
clear that the reasons for poor performance of supply chain management (SCM) in 
sequential supply chain trap. In sequential planning, each stage of the supply chain 
optimizes its profits, with no regard to the impact of its decisions on other supply 
chain stages. A major challenge in supply chain management (SCM) is replacing 
sequential planning processes with global optimization. 
A major challenge in supply chain management (SCM) is replacing 
sequential planning processes with global optimizations. In sequential planning, each 
stage of the supply chain optimizes its, profit with no regard to the impact of its 
decisions on other supply chain stages. In contrast in global optimization the 
objective is to coordinate supply chain activities so as to maximize supply chain 
performance. To achieve excellent supply chain performance appropriate strategies 
should be built in. 
2.5 IDENTIFYING THE APPROPRIATE SUPPLY CHAIN STRATEGY 
Figure 2.7 provides a frame work for matching supply chain strategies with 
products and industries. The vertical axis provides information on the uncertainty in 
customer demand, while the horizontal axis represents the importance of economies 
of scale either in productions or distribution. 
Every thing else being equal, higher demand uncertainty leads to a preference 
for managing the supply chain based on realized demand a pull strategy. 
Alternatively, smaller demand uncertainly leads to an interest in managing the supply 
chain based on a long - term forecast a push strategy. 
Similarly, everything else being equal, the higher the importance of 
economics of scale in reducing cost, the greater the value of aggregating demand, 
and thus the greater the importance of managing the supply chain based on long term 
forecast, a push based strategy. If economies of scale are important, aggregation does 
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not reduce cost, so a pull based strategy makes more sense. In Figure 2.7 it is shown 
two dimensions into four boxes. (Levi, Kaminsky & Levi, 2004). 
Box I : High uncertainty, scale of production, assembly or distribution are not 
important, such as the computer Industry. Pull - based supply chain 
strategy is appropriate for these industries. (Example : Dell computers 
supply chain) 
Box II : High uncertainty in demand and economics of scale are important. 
The furniture industry is an example of this situation. Hence, the 
supply chain followed by furniture is in some sense, a pull push 
strategy. 
Box III: Low demand uncertainty and high economics of scale products in the 
grocery industry such as been, pasta and soup belong to the category. 
Indeed, a traditional push - based retail strategy is appropriate. 
Box IV : Low demand uncertainty and low economies of scale, suggesting a 
pull - based supply chain strategy. Many high - volume / fast -
moving books and CDs fall in this category. 
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Figure 2.7 Matching Supply Chain Strategies with Products. 
Pull 
Demand Uncertainty 
Push 
H 
L 
I 
Computer 
IV 
Book & CDS 
II 
Furniture 
III 
Grocery 
Pull 
(Source : Levi, Kaminsky & Levi, 2004) 
H Economies of Scale 
Push 
The summary of various strategies of supply chain their characteristics are 
shown in Table 2.1 below. 
Table 2.1 Strategies and Their characteristics 
Characteristics 
High uncertainty demand and 
Low Economies of scale 
High uncertainty demand and 
High economies of scale 
Low demand uncertainty and 
High economies of scale 
Low demand uncertainty and 
Low economies of scale 
Strategy 
Pull Strategy 
Pull - Push Strategy 
Push Strategy 
Push - Pull Strategy 
Industry 
Computer Industry 
Furniture, White Goods, 
Automobile and Auto 
Components. 
FMCG Industry (Grocery, 
beer, soup) 
CDS, Books, Entertainment 
Electronics items 
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The first step in devising an effective supply chain strategy is therefore to 
consider the nature of the demand for the products one's company supplies. Many 
aspects are important for example, product life cycle, demand predictability, product 
variety and market standards for lead times and service (the percentage of demand 
filled from in stock goods). Products on the basis of their demands patterns can be 
categorized into one of two (Fisher, 1997). They are either primarily functional or 
primarily innovative. 
Based on type of product and supply chain a frame work / matrix were 
formulated by Fisher (1997), products that are physically the same can be either 
functional or innovative. For example personal computers, cars, apparel, ice cream, 
coffee, cookies etc. For innovative products, there is no substitute available in the 
market, where as for the functional products can be replaced by another product 
easily. Functional vs innovative and physically efficient vs market responsive supply 
chains, a matrix can be formulated shown in Figure 2.8. 
Figure 2.8 Matching Supply Chains with Products 
U 
a. 
a: 
Mismatch 
Match 
Match 
Mismatch 
Functional Innovative 
(Source : Fisher, 1997) 
Type of Products 
The four cells of the matrix represent the four possible combinations of 
products and priorities. 
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Product Categories 
Functional products include the staples that people buy is a wide range of 
retail outlets such as grocery stores and gas stations. Because such products satisfy 
basic needs, which don't change much over time (Fisher, 1997). The main 
characteristics of functional products are: - Stable, predictable demand, - Long life 
cycles and low profit margins, low stock out, contributions (5-10%) 
To avoid low margins, many companies introduce innovations in fashion or 
technology to give customers an additional reason to buy their offerings. Fashion 
apparel and personal computers are obvious examples (Fisher, 1997). The main 
characteristics of innovative products are: - Demand unpredictable - Large profit 
margins and short life - High stock out, contribution (20-60%) 
Matching the Supply Chains and Products 
By using the matrix (Figure 2.8) to plot the nature of the demand for each of 
their product families and its supply chain priorities. One can discover whether the 
process the company uses for supplying products is well matched to the product type 
an efficient process for functional products and a responsive process for innovative 
products. Companies that have either an innovative product with an efficient supply 
or a functional product with responsive supply chain tend to be the ones with 
problems (i.e mismatch). Most companies that introduce functional products realize 
that they need efficient chains to supply them. For any company with innovative 
products the rewards from investments in improving supply chain responsiveness are 
usually much greater than the rewards from investment in improving the chains 
efficiency. Thus, functional products require an efficient process; innovative 
products, a responsive process. Therefore Functional products supply chain should 
be physically efficient and Innovative products supply chain should be market 
responsive, (Fisher, 1997). 
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2.5.1 Supply Chain Responsiveness 
Supply chain responsiveness includes a supply chain ability to do the 
following i.e how quickly the supply chain response to the dynamic market 
conditions (Chopra & Meindl, 2002). 
a) Respond towards ranges of quantities demanded 
b) Meet short lead times. 
c) Handle a large variety of products 
d) Meet a very high service level. 
e) Build highly innovative products 
Figure 2.9 Cost Responsive Efficient Frontier Curve 
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c 
u 
> 
'7. 
c 
o 
Q. 
U 
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Cost Responsive Efficient 
Frontier 
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(Source : Chopra & Meindl, 2002) 
Low 
The cost responsiveness efficient frontier is the curve in Figure 2.9 showing 
the lowest possible cost for a given level of responsiveness. Lowest is defined based 
on existing technology. Not every firm is able to perform on the frontier. The 
efficient frontier represents the cost responsiveness performance of the best supply 
chains. A firm that is not on the efficient frontier can improve both its responsiveness 
and its cost performance by moving toward the efficient frontier. In contrast, a firm 
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on the efficient frontier can improve its responsiveness only by increasing cost 
becoming less efficient. Such a firm must then make a trade off between efficiency 
and responsiveness (Chopra & Meindl, 2002). 
The responsiveness efficiency frontier curve shown in Figure 2.9 describing 
the most advantageous possible combinations of cost and flexibility in a supply 
chains. This curve is constantly being advanced by best practices in SCM. It is a 
trade off between cost and responsiveness. 
The Responsiveness Spectrum 
Supply chain range from those that focus on being responsive to those that 
focus on efficiency with a goal of producing and supplying at the lowest possible 
cost. The responsiveness spectrum and where some different supply chains fall on 
this spectrum are as given below (Chopra & Meindl, 2002). 1. Highly efficient -
Integrated steel mill, 2. Somewhat efficient - A make to stock manufacturing of 
clothing 3. Some what responsive - Auto mobile products delivering variety in short 
time and 4. High responsive - Customer made products delivered in few days. 
Many initiatives, programs and systems have been developed recently to 
speed up the material flow and information in the supply chain. These electronic 
communication systems between manufacturer and distributor have no of names in 
literature, a) Electronic data interchange (EDI), Quick response (QR) and Efficient 
consumer response (ECR). 
2.5.2 The Evolution of the Supply Chain 
A steady increase in the complexity of supply chains and a corresponding rise 
in the virtualization of the manufacturing process have spawned several noticeable 
trends in organizational dynamics. Over the decades management of the supply chain 
has moved through three phases, from decentralized (functional & departmental), to 
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centralized (corporate planning and purchasing), and finally to a combination of both 
(Muzumdar & Balachandran, 2001). Phase - I represents the transformation from the 
post world war II era through the late 1980s. Phase 2 represents the incremental 
changes that occurred from the late 1980s through the late 1990s. Phase 3 describes 
the current transformation from a linear supply chain to a network, where suppliers 
and customers collaborate to extract and share knowledge and value. 
The current trend is swinging toward centralized planning with decentralized 
execution organizational structures and functional areas within organizations have 
transformed significantly over the past four to five decades. Figure 2.10 shows the 
evolution of the supply chain as occurring in mulfiple phases. (Fox, 1996; Cohen & 
Lee, 1998; Chandra & Fisher, 1994; Bhatnagar, Chandra & Goyal, 1993; Kulkarni & 
Sharma, 2004; Levi, Kaminsky & Levi, 2004; Lambert & Cooper, 2000). 
Figure 2.10 Supply Chain Evolutions 
i 
Total 
Company 
Value 
i 
Integration Collaboration Adaptadon 
— • 
(Source : Gopinath, 2006) 
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Integration: 
In the previous section, the responsiveness of supply chain, products and 
strategies were discussed. The key to improved supply chain management lies in 
integration and coordination. In an enterprise, integration can simply mean that each 
unit of the organization will have access to information relevant to its task and will 
understand how its actions will impact other parts of the organization thereby 
enabling it to choose alternatives that optimize that organization's goals (Fox, 1996). 
In later years we have seen an increasing focus on the integration of different 
segments of the supply chain. For example integrates and coordination are 
considered as main activities of production and distribution functions (Cohen & Lee, 
1988; Chandra & Fisher, 1994). Coordination, further classified into two broad level 
(Bhatnagar, Chandra & Goyal, 1993). They are general coordination and multi plant 
coordination. General coordination is the integration of different functions e.g 
inventory & production planning, sales and distribution. The other level of 
coordination identified, is that on which production decisions are coordinated among 
the plants of an internal supply chain. 
Collaboration 
In 1966, Warner - Lambert, the consumer goods manufacturer and Walmart, 
introduced a new concept in collaborative planning, forecasting and replenishment 
(CPFR). Collaboration allows a company to share information with its suppliers in 
real time basis. CPFR and other E - commerce initiatives for sharing information 
will be a major factor in how these systems are developed. 
Adaptation 
In global supply chain networks, efficiency and reliability are not luxuries 
(Chopra & Meindl, 2002). They are competitive necessities. But in a volatile 
environment in which costs, pricing structure, and distribution channels can rapidly 
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change. The efficiency and reliabihty of the supply chain are ensured by adaptability 
(Altaker, 2005; Kulkarni & Sharma, 2004). 
Supply Design and Modeling 
In the early 1990s, the phrase "supply chain management "came into use. 
Supply chain management is a process of integrating / utilizing supplier's 
manufacturers, warehouses and retailers, so that goods are produced and delivered at 
the right quantizes and at right time, while minimizing cost as well as satisfying 
customer requirements. 
Figure 2.11 shows the structure of a typical supply chain, it consists of a 
number of organizations. Beginning with suppliers, who provide raw materials to 
manufacturers, which manufacture products and keep those manufactured goods in 
the ware houses. Then they send them to whole sales to distribution centers that ship 
the goods to retailers. Different industries have slightly different structures of the 
supply chain network 
Figure 2.11 A typical supply chain 
Supplier Manufacturer Warehouse Distribution 
Center 
Retailer 
Customer 
General Areas of Supply Chain Management 
a) Demand planning b) Master planning 
d) Transportation e) Manufacturing 
c) Procurement 
f) Warehousing and 
distribution 
29 
2.6 SUPPLY CHAIN DESIGN CHALLENGES AND PROCESS 
A supply chain can be used as a network of facilities and distribution options 
that performs the functions of procurement of materials, their transformation into 
intermediate and finished products and distribution to customers (Chopra & Meindl, 
2002; & Taylor, 2004). Mathematical models such as a) Deterministic and 
b) Simulation methods have been used for determination of the location of 
production, sourcing, stocking and distribution facilities; (means and paths of 
transportation) 
Business models came in a wide variety of forms but most of them fall into 
one of the 3 broad categories. 1) Conceptual 2) Mathematical and 3) Simulation. The 
fact that 3 very different kinds of business models are available begs the question of 
which one is best. There is no "beri" type of model. Choose the model to suit the 
problem combining the types increases power. The ideal is to use all 3 together as 
shown in Figure 2.12. 
Figure 2.12 Combining the types 
s 
Mathematical 
Model 
Conceptual 
Model 
1 
y' V, 
*s ^ 
\ / 
Simulation 
I Vlodel 
(Source : Taylor, 2004) 
When designing a model for a supply chain, one starts by defining a real 
supply chain and its business objects then an input-output analysis is carried out and 
the conceptual models are formulated. After that the quantitative phase starts, dealing 
with more technical problems. For example, development and analysis of 
mathematical and simulation models and control theory techniques Figure 2.13 
shows the research structure of supply chain modeling 
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General motors has used a comprehensive model of a production distribution 
system "PLANET" to decide what products to produce, where and how to produce it, 
which markets to pursue and what resources to use (Breitman & Lucas, 1987). 
At Digital Equipment Corporation (DEC) "optimization of supply chain" 
model has been extensively used (Amtzen, Brown, Harrison & Trafton, 1995). This 
model strives to minimize a combination of cost and time elements over different 
time periods. It has helped digital equipment corporation (DEC) in reducing the 
number of plants from 33 tol2, service facilities from 34 to 17, manufacturing costs 
$169 million and logistics costs by $ 200 million. 
When developing models of a supply chain, first of all a good understanding 
of the over all supply chain is most important. Good understanding of the business 
characteristics (example, performance measures, make-to-stock or make-to-order) is 
also es.sential since every industry has different business characteristics and supply 
chain management processes. It is better to focus on the problem area based on the 
specific scenario setting proper performance measure is another important task. 
Supply Chain Process 
A supply chain may be defined as an integrated process wherein a number of 
various business entities (ie suppliers, manufacturers, distribution and retailers) work 
together in an effort to 1) acquire raw materials 2) convert these raw materials into 
specified final products and 3) deliver these final products to retailers 
(Beamon, 1998). 
As mentioned above, a supply chain is an integrated manufacturing process 
wherein raw materials are converted into final products, then delivered to customers. 
It its highest level, a supply chain is comprised to two basic, integrated 
processes. 1) The production planning and Inventory control and 2) The distribution 
and logistics processes. A supply chain process is shown in Figure 2.14. 
Figure 2.14 The Supply Chain Process 
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2.7 SUPPLY CHAIN PERFORMANCE DRIVERS AND OBSTACLES 
Drivers of Supply Chain Performance 
Four major drivers of supply chain performance: inventory, transportation, 
facilities and information (Chopra & Meindl, 2002), these drivers not only determine 
the supply chain's performance in terms of responsiveness and efficiency, they also 
determine whether strategic fit is achieved across the supply chain. 
All there 4 drivers put into a framework that helps to clarity the role of each 
driver in improving supply chain performance; A virtual framework for supply chain 
decision making is shown in Figure 2.15. 
The goal of a supply chain strategy is to strike the balance between 
responsiveness and efficiency that result in strategic fit with the competitive strategy. 
To reach this, a company uses the four supply chain drivers discussed earlier. They 
are a) Inventory b) Transportion c) Facilities and d) Information. 
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Figure 2.15 Supply Chain Decision-Making Frame Work 
Efficiency 
Inventory 
Competitive Strategy 
Supply Chain 
Strategy 
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Drivers 
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(Source : Chopra and Meindl, 2002) 
Obstacles in Achieving Strategic Fit 
A company's ability to find a balance between responsiveness and efficiency 
along the responsiveness spectrum that best matches the type of demand it is 
targeting is the key to achieving strategic fit (Chopra & Meindl, 2002 & Peter & 
Meindl, 2002). In deciding where this balance should be located on the 
responsiveness spectrum. Companies face many obstacles. The major obstacles that 
must be overcome to manage supply chain successfully are: a) Increasing variety of 
products, b) Decreasing product life cycles, c) Increasingly demanding customers, 
d) Fragmentation of supply chain ownership, e) Globalization and f) Difficulty in 
executing new strategies, to over come these obstacles offers a tremendous 
opportunity for firms to use supply chain management to gain competitive 
advantage. 
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2.7.1 SCM Challenges and Issues 
Addressing Business Challenges - SCM way 
As already mentioned; the major challenges are a) Cost b) Responsiveness 
and c) Varieties. The following tools are used in order to meet the business 
challenges (Gopinath, 2006; Levi, Kaminsky & Levi, 2004 & Chopra & Meindl, 
2002). 
a) Cost 
i) Global outsourcing 
ii) Supply management (VML CFPR, QR) 
b) Responsiveness 
i) Innovation in logistics (Cross Docking, 3PL and 4PL) 
ii) Innovation in information (GPS Tracking, RFID, etc) 
c) Varieties 
i) Innovation in manufacturing (Mass customization. Delayed differentiation 
etc.) 
ii) Marketing (JIT Delivery, Differential Pricing, Every day low price) 
From supply chain management (SCM) point of view satisfying customer 
have the following challenges : a) Time b) Customization and c) Cost. In order to 
meet the above challenges SCM planning process should be placed correctly. From 
literature SCM planning process consists of 4 steps as shown in figure 2.16. They are 
a) Material requirement planning (MRP) b) Demand planning c) production plan and 
d) order management. 
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Material Requirement 
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Figure 2.16 Supply Chain Planning Processes 
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(Source : www.supplychainmetric.com) 
Key issues in SCM 
Key issues span a large spectrum of a firm's activities, from the strategic 
through the tactical to the operational level. From the literature, all these issues are 
discussed and focused to achieve a globally optimized supply chain or managing 
uncertainty in the supply chain or both, i) Distribution network configuration ii) 
Inventory control iii) Supply contracts iv) Distribution strategies v) Strategic 
partnerships vi) Outsourcing and procurement vii) Product design viii) Information 
technology and ix) Customer value. 
According to Singapore Institute of Logistics Management, the 5 key issues 
of logistics effectiveness are core to SCM a) Movement of product b) Movement of 
information c) Time/service d) Cost and e) Integration, both internal and external, 
both organization and systems. 
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To meet the above challenges and address the various issues the supply chain 
should be built on value chain this can be achieved by adding various value added 
services in the supply chain. These value added services are discussed in the 
subsequent sections. 
2.7.2 Value Chain for Supply Chain and its Services 
The value chain (Porter, 1985) identifies the linkages and interdependences 
between (and among) suppliers, buyers intermediaries and end users. Its primary 
benefit is the ability to examine these linkages and identify the value that is created 
for customers (or that which may be created) and how this in turn, creates 
competitive advantage for a company. 
Levitt (2005) who first said that "People don't buy products, they buy 
benefits". The idea behind this statement is that it is totality of the offer which 
delivers customers value. According to Kotler (2006), value may be defined as the 
ratio between, benefits and costs. Kotler, says "Today Indian manufacturers are in a 
very unique position. "There is growing demand and need for high quality, low cost 
production". Value is defined as something that the customer is willing to pay, for 
value adding activities transform materials and Information into something a 
customer wants. 
A firm's value chain is an interconnected set of linkages among suppliers of 
materials and services that spans the transformation processes that convert ideas and 
raw materials into finished goods & services for a firm's customers. (Monezka, Trent 
& Handfield, 2005; Levi, Kaminsky & Levi 2004; McGuffog, 1999; Hill 2001; 
Taninecz, 2000; Gattorna, 2003; Chopra & Meindl, 2002; Frazelle, 2001 & 
Krajewski & Rizman, 2000). 
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The dimensions of customer value 
The customer perception on value can be broken into several dimensions 
a) Conformance to requirements b) Product selection c) Price and brand d) Value 
added services and e) Relationship and experiences. 
IVIanufacturing value chain: 
1) Source - Procurement 
2) Make - Manufacturing 
3) Store - Inventory management 
4) Ship - Transportation 
5) Sell - Marketing 
6) Service- After sales service 
All these activities are considered as value added activities in the supply 
chain. (Coyle, Bardi & Langley, 1996; Cavinato, Flynn & Kauffman, 2006 & 
Christopher, 2003). 
Value-Added services 
The following are the value added services in the supply chain management 
(SCM), generally followed by many companies. 1) Stocking 2) Kitting 3) Pick and 
Pack 4) Cross docking 5) Vendor managed inventory and 6) Lean supply chain. 
According to Lee, (2005) addresses 3 key components in this area are: 1. 
Economic packaging and transportation, 2. Concurrent and parallel processing and 3. 
Standardization each to these components address 
Examples are GATI cargo services, Packers and Movers, DHL services etc, 
mainly concentrate on these values added activities, in their supply chain. Wal-mart 
(1985) has shown sales increases of 20 to 25% and 30% Inventory turnover 
improvement, through vendor managed inventory (VMI) and cross docking in the 
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supply chain operations. Some of the logistics companies are offering a bundle of 
value added services in the supply chain. 
Supply chains that want to grow and continue to improve must adopt lean 
supply chain. Lean operations reduces manufacturing cycle time by 70% (PRTM, 
2006). 
Mapping the value stream for the supply chain is another process which 
enhances the value in the supply chain. Mapping tools can help in the identification 
of pinch points and critical paths (Christopher, 2006). One of the most powerful 
ways of achieving resilience in the supply chain is to create networks which are 
capable of more rapid response to changed conditions this is the idea of agility 
whereby the time required to new circumstances is dramatically required. 
Based on knowledge and experience from supply chain management in 
electronics, computer, and automobile companies (Lee & Billington, 1992). 
Identified 14 pitfalls in inventory management. Eight of which are found relevant to 
this study. 
Pitfall: 1 No Supply Chain Metrics 
Pitfall: 2 Inadequate definition of customer service 
Pitfall: 3 Inaccurate delivery status data 
Pitfall: 4 Inefficient information systems 
Pitfall: 5 Ignoring the impact of uncertainties 
Pitfall: 6 Simplistic inventory stocking policies 
Pitfall: 7 Organizational Barriers 
Pitfall: 8 Incomplete Supply Chain 
These pitfalls can be avoided through increased integration and coordination. 
It is also suggested that this can be done using agent - based management and 
information. 
39 
Opportunities 
Following are the opportunities available to overcome these pitfalls as 
suggested by Lee (2001): 1. Design for supply chain management, 2. Integrate 
database throughout the supply chain, 3. Integrate control and planning support 
systems 4. Redesign organizational incentives, 5. Institute supply chain performance 
management and 6, Expand view of supply chain. 
2.8 SUPPLY CHAIN PERFORIVIANCE MEASUREIVIENTS 
Performance measures and standards are close cousins. The two co-exist in 
traditional organizations as the performance measures are tightly linked with 
standards (Mahadevan, 1998). As stated by supply chain metric .com performance 
measures can be classified broadly into two categories (1) Qualitative measures (such 
as customer satisfaction and product quality) and (2) Quantitative measures (such as 
order to delivery lead time, supply chain response time, flexibility, resource 
utilization, delivery performance etc). 
Quantitative metrics of supply chain performance can be classified into two 
broad categories non financial and financial. Non-financial measures are cycle time, 
customer service level. Inventory levels. Resource utilization. The financial 
performance of a supply chain can be evaluated by looking into the following items 
cost of raw material, revenue from goods sold, activity based costs such as material 
handling, manufacturing, assembling, inventory holding costs, transportation costs, 
cost of expired perishable goods, penalties and warranty costs, costs associated with 
late deliveries cost of goods returned by customers and credits for goods returned to 
suppliers (Rajashekharaiah, 2006). 
The performance is evaluated on 5 important links of the supply chain 
management system (a) Inbound logistics (b) Manufacturing (c) Outbound logistics 
d) Marketing and e) After sales service. These Links are to be evaluated on the 
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following metrics i) Quality ii) Inventory iii) Customer service iv) Cost v) Flexibility 
vi) Time and vii) Productivity 
Supply chain performance Indicator 
Performance measurement group (PMG) bench marking studies show that 
superior performance is attainable when a company can integrate the plan, source 
make, Deliver and return processes of its supply chain operations. 
For example: PMG's latest research reported in the materials management 
Review (2006), that discrete manufacturers with mature supply chain practices are 
40% more profitable than discrete manufacturer with less mature practices. Although 
other factors such as Product innovation and channel management certainly 
contribute to this profit edge, supply chain management is a key factor. 
According to PRTM studies reported in the materials management review 
(2004), that the supply chain performance indicator uses a performance scorecard, 
customized bench marks and a practice assessment helps to understand where the 
favorable and non favorable gaps exist in the operations. 
2.8.1 General Approaches to Measure Supply Chain Performance 
A variety of measurement approaches have been developed, including the 
following important approaches, as reported in the AMR Research (Lapide, 1998). 
The following approaches are considered as important: a) The Balanced scorecard, 
b) The logistics scorecard, c) The supply chain councils SCOR model, d) Activity 
based costing (ABC), and e) Economic value analysis (EVA). 
a) The Balanced score card: 
A new approach to strategic management was developed in the early 1990s 
by Dr. Robert S. Kaplan (Harvard Business School) and David Norton .The Balanced 
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score card is a management system (Not only a measurement system) that enables 
organizations to clarity their vision and strategy and translate them into action. It 
provides feedback around both the internal business and external out comes in order 
to continuously improve strategic performance and results. The measurement usually 
covers 4 areas; 
1. Financial : Example: the cost of manufacturing, 
warehousing, transportation etc 
2. Customer : Example: order fill rate, Back order 
levels, on time delivery 
3. Internal business : Example: adherence-to-plan, Forecast 
error 
4. Training : Example: In house training hrs, APICS, CPM 
membership / certification. 
b) The logistics score card 
The logistics scorecard was developed by Logistics Resources International 
Inc (Atlanta, GA) (Lapide, 2000) a consulting firm specializing primarily in the ware 
housing and transportation aspects of a supply chain. The company recommends the 
use of an integrated set of performance measured falling into the following 
categories. 
1. Logistics financial performance measures (Expenses and return on 
assets) 
2. Logistics productivity measures (e.x orders shipped per hour and 
transport container utilization ) 
3. Logistics quality measures (e.x inventory accuracy and shipment 
damage) 
4. Logistics cycle time measures (e.x in transit time and order entry 
time) 
The logistics scorecard is prescriptive and equally recommends the use of a 
specific set of supply chain performance measures. These measures however are 
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skewer toward logistics, having limited focus on measuring the production and 
procurement activities within a supply chain 
c) Supply Chain Operations Reference {SCOR) model 
It is a business process reference model that links process description and 
definition with metrics, best practices and technology. It has proven to be a powerful 
and robust tool set for describing, analyzing and successfully to improve business 
operations (Supply chain council, SCOR version 8.0, 2006). 
Score Level 1 : 
Defines 5 management processes where the company creates its competitive 
position and operations strategy. 
1. Plan : Defining resources and demand, planning inventory, 
distribution, production and rough cut - capacity planning 
2. Source: Acquiring raw materials, qualifying and certifying suppliers, 
monitoring quality, negotiating vendor contracts and receiving 
materials. 
3. Make: Making the end product manufacturing, testing, packaging 
engineering changes, holding and releasing products 
4. Deliver : Managing orders and credit, managing the ware house 
and transportation, delivery. Inventories and quality, creating 
data bases for customers, products and prices. 
5. Return : Returning raw materials and finished goods, maintenance, 
repair and overhaul. 
SCOR has identified over 200 key performance metrics to monitor overall 
supply chain performance (level 1 metrics), as well as much focused metrics to help 
a specific process to improve (level 2 and 3 metrics). This metrics are used to build 
performance trends for areas under improvement, or to compare against industry best 
practice performance. Table 2.2 shows SCOR Level 1 Metrics 
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Table 2.2 Top Level Performance Attributes and Associated Level 1 metrics 
Attribute Performance Attribute Definition Level 1 Metric 
Supply Chain 
Reliability 
The performance of the supply chain in 
delivering : the correct product, to the 
correct place and customer, at the correct 
time, in the correct condition and 
packaging, and with the correct quantity 
and documentation 
Delivery Performance 
Fill Rates 
Perfect Order Fulfillment 
Supply Chain 
Responsiveness 
The velocity at which a supply chain 
provides products to the customer. 
Order Fulfillment Lead 
Times 
Supply Chain 
Flexibility 
The agility of a supply chain in 
responding to marketplace changes to 
gain or maintain competitive advantage. 
Supply Chain Response 
Time 
Production Flexibility 
Supply Chain 
Costs 
The costs associated with operating the 
supply chain. 
Cost of Goods Sold 
Total Supply Chain 
Management Costs 
Value - Added . 
Productivity 
Warranty / Returns 
Processing Costs 
Supply Chain 
Asset 
Management 
Efficiency 
The effectiveness of an organization in 
managing assets to support demand 
satisfaction. This includes the 
management of all assets: fixed and 
working capital. 
Cash - to - Cash Cycle 
Time 
Inventory Days of 
Supply 
Asset Turn 
(Source : www.scpiteam.com) 
In an article in the Business briefing (World Business Markets, April, 2004) 
mentioned that there are firms that reported beneficial results after using the SCOR 
model successfully. One enterprise in the food industry for example document a $1.5 
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million return on a $50,000 investment after approximately 3 months. Another -in 
the electronics industry has reported a $230 million projected return in 8 months after 
investing Smillion to $5 million software enabler SAP based the supply chain key 
performance indicators for their advanced planning system product on the SCOR 
model. 
d) Activity Based Costing (ABC) 
In a business organization, Activity based costing (ABC) is a method of 
allocating costs to products and services. It is generally used as a tool for planning an 
control. This is a necessary tool for doing value chain analysis. Cooper and Kaplan 
described Activity Based Costing as an approach to solve the problems of traditional 
cost management systems. These traditional costing systems are often unable to 
determine accurately the actual costs of production and of the costs of related 
services (Kaplan, Robert & Bruns, 1987). Hence Activity Based Costing (ABC) is 
considered as more accurate cost management system than traditional cost 
accounting (TCA). Traditional cost accounting is unable to calculate the "true" cost 
of a product (Taylor, 2004). To determine the "true" cost for a cost object-product, 
job service or customer, the following steps are involved in ABC 1) Identify 
activities 2) Determine cost for each activity 3) Determine cost drivers 4) Collect 
activity data and 5) Calculate products cost. ABC is best suited for a) overhead is 
high b) products are diverse complexity, volume of direct labors c) cost of errors are 
high and d) competition is stiff some of the process and labor intense industries. In 
an article in the Business week (June 2006) mentioned that Tata steel, Tata oil are 
already using Activity Based Costing for performance measures. 
e) Economic Value Added (EVA) 
The term EVA originated with the consulting firm Stern Stewart although its 
origins go back to the economist Marshall who, over 100 years ago developed the 
concept of "economic income". Essentially EVA is the difference between operating 
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incomes after taxes less the true cost-of capital employed to generate those, profits. 
Thus EVA = Profit after tax - cost of capital employed (Stewart, 1991). 
EVA = Profit after tax - True cost of capital employed. 
Thus, the economic value added (EVA) is a measure of surplus value created 
on an investment. Economic value added (EVA) is the financial performance 
measure that come closer than any other to capturing the true economic profit of an 
enterprise. EVA is net operating profit minus an appropriate charge for the 
opportunity cost of all capital invested in an enterprise. As Peter Drucker put the 
matter in a Harvard Business Review article, "until a business returns a profit that is 
greater than its cost of capital, it operates at a loss. Never mind that is pays taxes as if 
it had a genuine profit. The enterprise still returns less to the economy than it devours 
in resources. Until then it does not create wealth; it destroys it". Hence, EVA is 
considered as a tool, used in performance measurements of an enterprise. 
Economic value added can be used for the following purposes a) Setting 
organization goals b) Performance measurement c) Determining bonuses d) 
Communication with shareholders and Investors e) Motivation of managers f) 
Capital budgeting g) Corporate valuation and h) Analyzing equity securities. 
In India some of Tata group of companies successfully implemented EVA in 
their business processes. 
The major benefits of performance measurement are: a) Performance 
measurement enhances decision making, b) Performance measurement improves 
internal accountability and c) Performance measurement supports strategic planning 
and goal setting. 
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2.8.2 Some Other Common Measurements 
Table 2.3 Shows some other common measurements 
Metric 
1. Number of open orders 
2. Volume of open orders 
3. Unavailable of trucks / rail cars 
4. Month-to-date expediting costs 
5. Days of supply 
6. Total daily production 
Calculation 
Number of order line items that have not 
been shipped. 
Total volume on order 
On-hand and estimated arriving - required by 
schedule. 
Total accumulated sum of expediting costs. 
Volume of Inventory divided by average 
daily use for each critical raw material. 
Volume of daily production 
2.8.3 Improvements of Supply Chain Performance Measurements 
Improving supply chain performance requires a multidimensional strategy 
that addresses how the organization will service diverse customer needs. 
Supply chain measurements or metrics such as Inventory turns, cycle time, 
defects per million opportunities, and fill rate are used to track supply chain 
performance. Commonly used by supply chain management (SCM), metrics can help 
to understand how the company is operating over a given period of time. Supply 
chain measurements can cover on any areas including procurement, production, 
distribution, ware housing, inventory, transportation and customer service. However, 
a good performance in one part of the supply chain is not sufficient. Any supply 
chain is only as strong as its weakest link (Rajashekaraiah, 2006). The solution is to 
measure all key issues of the supply chain. 
1. Tracking the metrics helps to observe the performance overtime and guides to 
optimize the supply chain. It allows management to identify problem areas, 
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and to compare a given company to other similar companies for industry 
bench marking. 
2. Certain metrics, such as inventory turns, have a widely accepted definition. 
Other metrics such as back orders may need to be customized for a particular 
industry or business model. 
3. Measurements alone are not the solution to the weak areas. The solution lies 
in the corrective action to be taken to improve the measure. The solution 
comes from process improvements. 
4. Measurements should have process owners. People or departments that is 
responsible for achieving a target on the metric. Supply chain management 
needs to support the process changes to achieve the desired targets. 
The Best-Method 
There can never be a one size that fits all measure, since different 
organizations have different priorities and different problems. Hence it is important 
to define metrics from different perspectives in order to create ones' own system that 
is mutually exclusive and exhaustive. It may be necessary to look at the various 
metrics and measurement parameters and their usability in any given situation. Based 
on the observations, certain fine tuning may be necessary to make the metrics and 
parameters more relevant and useful to a given industry (Rajashekaraiah, 2006; 
Krajewski & Ritzman, 2000). Supply chain performance such as costs, delivery, 
speed and quality are linked to a firm's key financial measures. For example 
inventory turns with working capital % on time delivery with Revenue, supplier lead 
times with working capital etc. In this regard further research is well justified and 
would help industries to bench mark their supply chains. 
2.8.4 Supply Chain Management - Best Practices 
Study conducted by PRTM's performance measurement group (2002) reveals 
best - in class companies have advantages in service levels due to better delivery 
performance and 90% shorter lead times. 
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Discrete manufacturers with mature supply chain practices are 40% more 
profitable than discrete manufacturers with less mature practices (PRTM, 2003). 
Best-practice supply chain management companies enjoyed a 45% total 
supply chain cost advantage over their median competitors (Ramakrishnan, 006; 
Sahay, 2002; Singh, 2002; & Shastry, 1999). 
Companies that utilized best-in-class SCM solutions have: 
• Reduced inventory levels by 10-15%, reduced markdown & scraps by 10-
15% 
• Used resources 10-20%, more efficiently. 
• Reduced markdown 10-20% done efficiently 
<• Improved delivery reliability by 9 5 % 
• Reduced outranges to 0-5% 
• Reduced cycle time by 10-20% 
• Reduced transportation cost by 10-15% 
World class companies have realized the importance and there by succeeded 
in (Sharma, 2004). 
• Reducing inventory by 40% 
• Minimizing stock - outs to increase sales by 3-5% 
• Reducing order - through put time by 65% 
• Enhancing profit before tax by 3% to 5% 
• Improving customer satisfactions significantly. 
2.9 SUPPLY CHAIN PERFORMANCE MEASUREMENTS - INDIAN 
SCENARIO 
Supply chain management (SCM) has emerged as one of the most powerful 
business improvement tools in recent times (Saunders, 1997; Schary & Larsen, 2000; 
Sahay & Mohan, 2003; Quayle, 2006; Meintzer, 2001; Philippe & Dornier, 2002 & 
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Handfield & Nichole, 1999). Leading Indian companies are forging future supply 
and demand networks that create an integrated delivery system which appears 
seamless to final consumer. In a study by Rakesh Singh, (2002) and sponsored by the 
Narsee Monjee Institute of Management Studies (NMIMS), Mumbai to understand 
how Indian corporate manage supply chains, they discovered that not many 
companies have asked themselves this basic question. They were unprepared to cope 
up with the challenges. There is an evident gap between the firms which truly 
understand and implement the concept of forward-looking supply chain management 
and those that simply follow a trend. According to him, SCM is, to a large extent, 
about managing information flows. Unfortunately lack of sophistication in the 
information system is still one of the biggest road blocks to supply chain integration 
today. 
The Balanced Scorecard's real success score based on an online survey of 
250 users is 15 percent (Pandya, 2002). Another 64 percent reported some progress 
with the scorecard, but nothing to write home about. The rest (21%) achieved 
nothing or limited results. Globally, the scorecard was developed to address a 
research finding that 9 out 10 companies that can formulate business strategy are 
unable to implement it. (Pandya, 2002). In India, the problem is more fundamental. 
But the winds of change are blowing-in slowly. Several big business groups like Tata 
steel, Indian hotels and Tata Consultancy Services (TCS), Birlas, Godrejs and 
Goenkas (RPG) are using the scorecard in part or in full. KPMG's business 
consulting division, which also helps companies use the scorecard advocates that 
organizations should measure only those things that matter to strategy. 
In India some of the leading group of companies such as "Tata, TVS, Rane, 
Bajaj Auto, Mahindra & Mahindra" are beginning to implement supply chain 
measurement systems. Some calling those as scorecards, while others call them 
dashboards or cockpits. Most of the companies follow a) supply chain councils -
SCOR model and benchmarking and some of the companies in addition to SCOR 
model metrics they do apply activity based costing (ABC), economic value added 
(EVA) and balanced score cards. 
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Research group of Materials Management Review (2003) has highlighted the 
supply chain metrics. According to them, supply chain metrics go beyond numbers 
and could, if done properly, bring balance to an enterprise's value chain. One of the 
metric ideas they found in research was the development of a corporate scorecard, 
which will list and define how the company will manage performance measurement 
at an operational level. The parameters could include keeping inventories down, 
reducing lead times between order taking (sales) and order delivery (production and 
logistics). 
Supply chain management (SCM) performance improvement is by supply 
chain integration, supply chain optimization and supply chain reconfiguration-a 
presentation ( Shah, 2003). According to him, the supply chain performance can be 
measured by using supply chain scorecard. Supply chain scorecard consists of the 
following score level metrics, shown in Table 2.4. 
It is reported that the total supply chain costs can be up to 50% less in supply 
chain if performance improves (Rajashekaraiah, 2006). In India, inventory 
management (measured by inventory turnover ratio) can vary enormously within 
each segment (e.g in metal processing industry the worst is 2.5 and the best is 42.51) 
improving that there is vast potential for improvement in SCM performance. 
An exclusive survey by Eicher Consultancy Services (2005) that covered 
India's top 1000 companies over a period of six years ending at 2004, has tried to 
establish the trends to track improvement in supply chain metrics. This was reported 
in the materials management Review, (July 2006). The metrics chosen by the 
consulting service are as follows: 
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Table 2.4 Supply Chain Performance Evaluation 
Category 
Over-all 
External 
Internal 
Supply chain score card 
Criterion 
Supply 
chain 
reliability 
Flexibility 
and 
responsive 
ness 
Cost 
Assets 
Score level 
metrics Delivery 
performance to 
committed date 
Fill rates 
Perfect order 
fulfillment (on time 
in full) 
Order fulfillment 
lead times 
(customer to 
customer) 
Production 
flexibility (days of 
master schedule 
fixed) 
Total logistics 
management costs 
Warranty cost, 
returns and 
allowances 
Value added per 
Employee 
productivity 
Inventory days of 
supply 
Cash-to-Cash cycle 
time 
Net asset turns 
(working capital) 
Actua 
150% 
63% 
0% 
7 days 
45 
days 
19% 
NA 
$ 
122k 
119 
days 
196 
days 
2.2 
turns 
Perfori 
compel 
equal 
85% 
94% 
80% 
7days 
30 
days 
13% 
NA 
$ 
156k 
55 
days 
80 
days 
8 
turns 
nance versus 
titive population 
better 
90% 
96% 
85% 
5 days 
25 
days 
8% 
NA 
$ 
306k 
38 
days 
46 
days 
12 
turns 
best 
95% 
98% 
90% 
3 days 
20 days 
3% 
NA 
$460k 
22 days 
28 days 
19 turns 
(Source: Shah, 2003). 
• Cash-to-cash-cycle-time: defined as the sum of days of receivables and days 
of inventory less days of payables outstanding. 
• Inventory level: defined as days of inventory. 
• Asset turnover: defined as the ratio of net sales to assets where assets are the 
sum of gross fixed assets and net working capital. This ratio is a measure of 
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the overall asset utilization which, as a rule improves once companies put in 
place supply chain management practices. 
Each of these metrics was used to calculate an improvement score which has 
a maximum score value of 15 and a minimum value of zero. Based on the survey 
results the companies were categorized as follows and shown in Table 2.5 
Table 2.5 Supply chain performance of companies 
No. 
1 
2 
3 
4 
Supply chain improvement 
Best performers 
Superior performers 
Below average performers 
Poor performers 
Improvement 
score 
12-15 
8-11 
4-7 
1-3 
No. of 
companies 
66 
558 
348 
28 
% of total 
6.6% 
55.8% 
34.8% 
2.8% 
The survey comments that more than two thirds of the companies that were 
analyzed exhibited improvement score higher than 8 and hence showed ample scope 
for improvement. 
Another study was conducted by Economic Intelligence Group (2005). Indian 
top 100 manufacturing companies on net sales for the financial year ending 2004-
2005. The supply chain metrics were computed from the corporate database for the 
past six years. 
An improvement is counted if the company has performed better (A lower 
cash-to-cash cycle, inventory level and higher asset turnover ratio) compared to the 
performance, the maximum improvement score a company can set is 15, going down 
all the way to zero. 
Ashok Leyland, Hero Honda and Tata Motor have scored 13 points among 
the top performers in the Auto OEM category. In auto ancillary sector, Rane Engine 
values showed improvement across all years and across all the parameters. The 
chosen metrics are i) Cash to cash cycle time ii) Inventory days iii) Asset turn over 
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ratio and iv) Return on capital employed (ROCE). Here again other metrics such as 
cycle time, cost metrics, inventory holding (Raw material & Work in process) and 
Quality metrics were not considered for study. 
The Performance Measurements Group (PMG), a subsidiary of PRTM 
management consultants, have released results of the first survey in its 1900-2000 
supply chain management benchmarking series. The survey is based on "Level 1" 
metrics from the industry standard framework, SCOR model. These process 
performance measures have a wide-ranging strategic significance to organizations. 
PMG examined best-in-class industry performance of customer-facing and internal-
facing measures in supply chain management. Customer facing measures, such as 
upside production flexibility and delivery performance to request, quantify how well 
a supply chain delivers products to the customers. Internal-facing measures, 
including total supply-chain costs and Cash-to-Cash cycle time, quantify how 
effectively an organization uses resources in creating value to the customer or how 
efficiently a supply chain costs and Cash-to-Cash cycle time, quantify how 
effectively an organization uses resources in creating value to the customer or how 
efficiently a supply chain operates. These measures help companies to evaluate the 
full scope of their supply chain performance against best-inOclass performers. The 
results are based on data from 110 subscriber organizations from North America, 
Europe and Asia, in chemical and Pharmaceuticals, computers and electronic 
equipment, defense and industrial, telecommunications equipment and packaged 
goods sectors. The key performance metrics chosen for the study were: 
• Delivery performance to request: the percentage of orders that are fulfilled on 
or before the customer's requested date. 
• Upside production flexibility / material availability: the number of days 
required to achieve an unplanned sustainable 20% increase in production. 
• Total supply chain costs: the cost as a percent of sales to manage order 
processing, acquire materials, manage inventory and manage order 
processing, acquire materials, manage inventory and manage supply chain 
finance, planning and MIS costs. 
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• Cash-to-cash time: the number of days between paying for raw materials and 
getting paid for product, as calculated by inventory days of supply plus days 
of sales outstanding minus average payment period for material. 
• Best-in-class: the PMG selects the top 20% of a population and averages the 
results to calculate the best-in-class measure. 
In an article in Materials management review mentioned that the performance 
of "Consumer packaged goods" supply chain are as follows: The major findings of 
the survey were manufacturers are more accurately adjusting forecasts and 
production cycles to respond to rapid changes in demand. It was found that best-in-
class performers operates with less 40 days of inventory throughout the supply chain 
and also have cut their supply-chain management costs 4% - 5% of sales. They have 
adopted innovative practices such as exploiting the Internet to integrate information 
and decision-making around the globe. 
Cash-to-cash cycle time for the best-in-class companies is less than 30 days. 
Companies pay their suppliers quickly, collect from their customers just as quickly 
and move inventory continuously. Best-in-class upside production flexibility has 
dipped below two weeks and in some industries it is less than a week (Anon, 1999; & 
Material management review, 2004 & 2006). 
Best-in-class Median 
Dehvery 97.6 81.2 
Production Flexibility 8.3 42.0 
Total Supply Chain Costs 4.9 9.2 
Cash-to-Cash Cycle Time 24.7 66.6 
Similar study was conducted by Korgaonkar (2001) in performance 
measurement of some of the industries. The major findings of his report are as 
follows: 
• The total logistics cost in the country is estimated at 4.59% of sales. 
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• Nearly 60% of the logistics cost is in transportation (35%) aM'ijttventory 
costs (25%); the rest is due to losses (14%) packaging (11%), hanoting and __!.. 
warehousing (9%) and customers' shipping (6%) growing number of 
manufacturers are taking proactive and reactive steps to control logistics cost 
and improve customer service. 
• There is major transportation and other infrastructure bottlenecks related to 
supply chain management (SCM) in India, including roads, railways, ports, 
shipping etc. 
• Several new supply chain management (SCM) related activities have started 
in India, these include, emergence of trucking companies, information 
technology including service, containerization, private warehousing, multi 
modal transport operators, inland container depots, container freight stations 
and third party logistics providers. 
• The average inventory turns is 4.5 per year. Over 50% of the inventories are 
of raw materials, due to inadequate control on the supply side. 
• Supply chain performance is far satisfactory, in respect of lead times. 
Inventories and deliveries. However, several action programmes have been 
undertaken by firms to improve supply chain performance. 
• There is a growing trend to outsource supply chain related services; these 
include inventory management, transportation, warehousing, forwarding and 
clearing, information technology etc. However, service providers with 
adequate skills, competency and technology are limited. 
110 companies were selected across various industries in India by Indian 
Institute of Materials Management (2003) on benchmarking practices in supply chain 
management. This study was conducted jointly by Indian Institute of Materials 
Management and Scope-e-knowledge Centre Ltd. The metrics chosen were i) cycle 
time metrics ii) cost metrics iii) quality metrics and iv) assets metrics. All these 
metrics were computed from the companies' corporate data bank. Each segment of 
supply chain was compared with best-in-class supply chain within that segment 
against each metrics. The relationship among metrics, commonality between metrics 
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within the group and between the group upstream and down stream sides of supply 
chains were not compared and analyzed. 
After conducting a detailed review of literature, the research procedure has 
been formulated to conduct the supply chain performance measures in selected 
manufacturing and fast moving consumer goods (FMCG) Industries. 
In today's world, supply chain management (SCM) is a key strategic factor 
for increasing organizational effectiveness and for better realization of organizational 
effectiveness and for better realization of organizational goals such as enhanced 
competitiveness, better customer care and increased profitability. 
The era of both globalization of markets and outsourcing has begun and many 
companies select supply chain and logistics to manage their operations. Most of these 
companies realize that in order to evolve an efficient and effective supply chain 
management, (SCM) needs to be assessed for its performance. The emphasis is on 
performance measure dealing with suppliers, delivery performance, customer service 
and inventory and logistics costs in a supply chain management. The process of 
choosing appropriate supply chain performance measures is difficult due to the 
complexity of these systems. 
The framework presented by Gunasekaran (2002) was also reviewed. The 
metrics and measures are discussed in the content of the supply chain processes a) 
plan b) source c) make and d) delivery. The importance of these parameters was 
established by calculating the mean of all responses and ranking them accordingly. 
The affirmative responses from this study showed that effort focused on carefully 
managing supply chains produced financial benefits for participating. Based on the 
responses received from the companies, researchers (Gunasekaran, Patel & 
Mcgaughey, 2004) developed a framework to promote a better understanding of the 
importance of supply chain performance and metrics. 
The role of these measures and metrics in the success of an organization 
cannot be overstated because they affect, strategic, tactical and operational and 
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control. Performance measurement and metrics have an important role to play in 
setting objectives, evaluating performance and determining future courses of actions. 
Performance measurement and metrics pertaining to supply chain management 
(SCM) have not received adequate attention from researchers or industries. This 
study is to promote a better understanding of the importance of supply chain 
performance measurements and metrics. 
Scope for Improvements 
It was found in the literature that various methods that are adopted to improve 
the supply chain performance. Some of the popular methods are as follows: 
1. Organization 
2. Flow and Balance 
3. Signaling 
4. Redundancy Reduction 
5. Continuous Improvement 
Material movement should be optimum, 
resource efficiency maximum. 
Minimum delay, wastes and defects 
should be zero. 
Minimum downtime and resources 
losses. 
Production process which adds value 
only should exist. Non-value added 
activities should be eliminated. 
Products, processes and services with 
minimal expenditures. 
2.10 SCM FOR COMPETITIVE ADVANTAGE 
The source of competitive advantage is found firstly in the ability of the 
organization to differentiate itself in the eyes of the customer, from its competition 
and secondly by operating at a lower cost and hence at greater profit (Chirstopher, 
2003). 
Michael Porter has brought a concept to a wider audience is the value chain: 
Competitive advantage can not be understood by looking at a firm as a whole. It 
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stems from the many discrete activities a firm performs in designing, producing, 
marketing, delivering, and supporting its product each of these activities can 
contribute to a firm's relative cost position and create a basis for differentiation. The 
value chain disaggregates a firm into its strategically relevant activities in order to 
understand the behavior of costs and the existing and potential sources of 
differentiation. A firm gains competitive advantage by performing these strategically 
importance activities more cheaply (at lesser cost) or better than its competitors 
(Porter, 1985). 
We are now entering the era of supply chain competition. Organizations can 
no longer act as an isolated and independent entity in competition with other 
similarly stand alone organizations. Instead, the need to create value delivery systems 
that are more responsive to fast changing markets and that are much more consistent 
and reliable in the delivery of that value requires that the supply chain as a whole be 
focused on the achievement of these goals. Companies must recognize and develop it 
through their capability building and competencies that they compete (Prahalad & 
Hamel, 1990). 
The product life cycles have become shorter necessitating greater innovation 
on the part of the businesses. Companies which will survive and grow in this new 
economic reality will have to constantly create sustain competitive advantage. 
Supply chain has emerged as a powerful means to create and sustain this competitive 
advantage. 
Typically, a supply chain will cover flow of materials from company's 
suppliers to its final customers - but firms are today also focusing on flow from 
suppliers' suppliers to buyer's buyers viz. the ultimate consumers (Berry & Towill, 
1992; Betz, 1998; Ramakrishnan, 2006, Niebel & Baldwin 1957; Morris & Brandon, 
1993; Minaham, 1998 & Morton, 1999). 
Materials constitute the largest component of costs in any manufacturing 
company's expenditure (range from 50% to 85%). In addition to this cost of 
materials, there are significant costs of materials (20-25% of cost of materials per 
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annum). Costs can be controlled by either or all of the 3 avenues viz cost reduction 
cost avoidance and cost efficiency. Emphasis is today on cost efficiency which is 
defined as "Providing a given value at the minimum essential cost". The 5 key 
concepts relating to cost efficiency are as follows: 
1. Cost efficiencies can be sought through improvements in a) Products 
b) Processes and c) Practices 
2. Cost efficiency is achieved through initial cost effective design and then 
through continuous cost reduction efforts. 
3. The approach to cost efficiency is two fold a) Elimination of waste for a 
given process and b) Reduction of cost through improved processes. 
4. It can be done through radical business process Re-engineering (BPR) and 
through Continuous Improvements (Kaizen). 
5. It can happen every where in the supply chain - Design, Materials, 
Production, Logistics, and Marketing. 
The potential of cost reduction through supply chain is truly large. There is 
nothing simpler in concept but hard to practice than cost-reduction. The right cost 
drivers should be identified and right strategies should be placed in the process, 
which will result in a) Reduced costs b) Improved customer service levels and c) 
Redefined competitive position for the company. Supply chain is the last gold mine 
of profits. 
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CHAPTER 3 
RESEARCH METHODOLOGY 
This chapter deals with need for the study, the problem statement, research 
objectives, scope of the study, the research frame work, the research methodology, 
selection criterion, reliability and validity of the instrument, method of analysis and 
assumptions of the research study. The chapter concludes with limitations of the 
study. 
3.1 NEED FOR THE STUDY 
Based on the research findings, practical approaches of professional and 
academic discussions on various issues of supply chain management and its 
performance measures, a part of which has been summarized in the previous chapter, 
the inferences made are described in the paragraphs that follow. 
The supply chain is not a chain of business with one-to-one, business-to-
business relationships, but a network of multiple businesses and relationship. It is 
effective and efficient supply chain management that ensures goods delivery in time 
from one place to another. Companies which will survive and grow in this new 
economic reality will have to constantly create sustain competitive advantage supply 
chain has emerged as a powerful means to create and sustain this competitive 
advantage. For this Supply chain management (SCM) performance has to be 
measured and monitored on continuous basis new targets and new metric 
measurement should be added in the measurements. Anything which is not measured 
can't be improved (Lapide, 2001). Right - metrics and right approach for 
measurement should be selected. 
3.2 THE PROBLEM STATEMENT 
The problem thus identified and titled as above contains 4 key concepts -
measuring performance, Supply chain management (SCM), manufacturing and fast 
moving consumer goods (FMCG) Industries. To better understand and work on the 
objectives of this study the concepts are elaborated below. 
Performance Measures 
A performance measure or a set of performance measures is used to 
determine the efficiency and / or effectiveness of an existing system, or to compare 
competing alternative systems. Performance measures are also used to design 
proposed system, by determining the values of the decision variables that yield the 
most desirable levels of performance. Available literature identifies a number of 
performance measures as important in the evaluation of supply chain effectiveness 
and efficiency. These measures described in thus section may be categorized as 
either qualitative or quantitative. 
Considering this a number of measures have been developed to evaluate the 
performance. Monitoring supply chain performance is an intriguing new field. 
Performance measures can be classified broadly into two categories. 1) Qualitative 
measures (such as customer satisfaction and product quality) and 2) Quantitative 
measures (such as order-to-delivery, lead time, supply chain response time, 
flexibility, resource utilization, delivery performance etc). Improving supply chain 
performance requires a multi-dimensional strategy that addresses how the 
organization will service diverse customer needs (www.supply-chain.com). Supply 
chain measurements or metrics such as cycle time, cost, service / quality and assets 
are used to track supply chain performance commonly used by supply chain 
management. Metrics can help to understand how the company is operating over a 
given period of time. Measurements are used for optimization of the supply for 
continuous improvement and Bench mark with best-in-class companies for better 
practices. 
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SCM 
"Supply chain management is the integration of key business processes from 
end user through original suppliers that provides products, services and information 
that add value for customers and other stakeholders" {Global supply chain forum). 
Supply networks can be defined as "sets of supply chains, describing the flow of 
goods and services from original sources to end customer (Lamming 1996). In 
today's world. Supply chain management (SCM) tracks movement of men, material, 
machinery and information from one point to another. Supply chain management 
(SCM) is commonly described as a systematic method where the right material is 
delivered to the right customer, in right quality and quantity and at the right place at 
the right price. In the era of globalization and liberalization, systematic 
implementation of Supply chain management (SCM) is vital. The supply chain 
management is an interface or bridge between the demand and supply. But it 
involves a complex process (Altekar, 2005). 
3.2.1 Current Scenario of FMCG Industries 
In an article in the magazine Industry 2.0 (January, 2006) mentioned that the 
FMCG sector is expected to clock over 40% growth in the next five years. The size 
of which will go up from Rs.43,000 crores to Rs.50,000 crores by 2010. FMCG 
industry in India which had been on a roll for many years faces tough times ahead 
although many segments still show good growth. Some of the products which are in 
high demand includes soaps, detergents, consumer, durables, tooth pastes, batteries, 
biscuits, napkins, cold beverages, mosquito repellants, refined oil and hair oil. Some 
of the major FMCG players which have been aggressively targeting these markets in 
the recent times. Companies are already increased their penetration in some measures 
in the semi-urban and rural areas through projects such as projects Shakti and e-
Choupal. (Kulkarni & Sharma, 2004; Shenoy, 1994 & Business today, 1995). 
Special features of these FMCG sectors are a) Highly compefitive industry b) Very 
low net margins; falling continuously c) Credit based Industry and d) Collection 
period is longer. The supply chains of these industries should be market responsive 
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and also physical efficient (Fisher, 1997). Therefore, performance measures are 
considered as important, tool for improvement. 
3.2.2 Current Scenario of Manufacturing Industries 
Manufacturing factory of the world continues to register the highest growth 
rate globally year after year. Manufacturing is nothing but a wealth creation process. 
First manufacturing involves production of materials or tangible goods (Crosby, 
1984; Erickson, 1998; Esparrago 1988; Forrester & Wright, 1961). The utility of 
tangible goods lasts beyond production. Manufacturing provides the underpinnings 
for the entire economy (Harmon, 1996). Manufacturing operations fall into two very 
broad groups a) Continuous flow (or) Process type and b) Discrete parts 
manufacturing (also known as discrete production). The term discrete parts 
manufacturing denotes operations involving products that can be counted. Discrete 
manufacturing makes distinct parts. A special feature of discrete manufacturing is 
that the end product, generally made of several components, can be disassembled and 
re-assembled examples: automobile, computers, electronics equipments, refrigerator, 
pumps and motors. Where as continuous flow manufacturing makes same items / 
produces continuously, examples. Refining of oil, fertilizers, and other process 
industries (Eilon, 1999; Gaither & Frazier, 2002; Hitomi, 1999; Lee, Krajesowski & 
Ritzman, 2000; Buffa & Sarin, 2002; Genek, 1979; & Mukhopadyay, Nandi & 
Pradip, 2000). 
Manufacturing is currently, undergoing a transition (Naisbit, 1984) which, 
through evolutionary from a technology viewpoint, is revolutionary in its impact on 
the economy and employment. Supply chains performances of these industries are 
becomes very important for cost competition and competitive advantage. 
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3.3 RESEARCH OBJECTIVES 
A well defined problem is half - solved. No problem should be dealt with as 
a whole, but in parts. In order to achieve the goals it is advisable to break the 
problem and specify the statement of the present research problem in the form of 
specific objectives. Each research objective pertains to the sample of manufacturing 
and fast moving consumer goods (FMCG) Industries selected for this research. 
The overall purpose of this research was to measure the supply chain 
performance in selected segments in manufacturing which included auto & auto 
components, electronics, white goods, engineering and also FMCG sector. The 
objectives were: 
1. To determine and measure performance metrics in the supply chain of 
FMCG and manufacturing segments. 
2. To study the significance of cycle time metrics in fast moving 
consumer goods (FMCG) and manufacturing industries. 
3. To study the significance of cost metrics, in fast moving consumer 
goods (FMCG) and manufacturing industries. 
4. To study the significance of quality metrics, in fast moving consumer 
goods (FMCG) and manufacturing industries. 
5. To study the significance of assets metrics in fast moving consumer 
goods (FMCG) and manufacturing industries. 
6. To study the significance of logistics cost metrics in fast moving 
consumer goods (FMCG) and manufacturing industries. 
7. To study the significance of cycle time metrics, within manufacturing 
industries. 
8. To study the significance of cost metrics within manufacturing 
industries. 
9. To study the significance of quality metrics within manufacturing 
industries. 
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10. To study the significance of assets metrics within manufacturing 
industries. 
11. To study the significance of logistics cost metrics within 
manufacturing industries. 
12. To study the relation ship among the SCM performance metrics. 
13. To assess the current supply chain metrics followed across various 
industries in India and compare the same with best practices in the 
respective industries. 
14. To compare the Indian practices with that followed globally, wherever 
possible. 
15. To provide inputs on improvements possible in supply chain metrics 
across various industry verticals. 
3.4 SCOPE OF THE STUDY 
Multidimensional classification of manufacturing and fast moving consumer 
goods (FMCG) Industries and the wide spectrum of performance measurements of 
supply chains and its metrics made it necessary to define the domain made it 
necessary to define of the present research study. 
1. This study is confined to the discrete parts manufacturing in manufacturing 
and some segments in fast moving consumer goods FMCG. 
2. Major emphasis of the study is on comparison within groups FMCG and 
manufacturing and between manufacturing segments. 
3. Companies had a sales turnover of above Rs.5 crores during 2004-05 were 
selected. 
4. The study concern with only cycle time cost quality / service, assets and 
logistics cost metrics of performance measurements. 
5. Companies are already taken some initiatives in Supply chain management 
(SCM) performance measurements only selected for the study. 
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6. The IIMM database consists of companies of repute spread all across the 
country. More than 300 companies registered with them formed the sample 
frame for the study. The IIMM database is itself segregated into broad 
industry types i.e. fast moving consumer goods (FMCG) and manufacturing. 
Of these, companies representing auto & components, electronics, white 
goods, engineering segments and fast moving consumer goods segments 
were selected for the study. This resulted in a sample of 100 companies. 
3.5 THE RESEARCH FRAME WORK 
A framework for conducting the study was prepared in accordance with the 
nature of the objectives; it was divided into the following two parts. 1) Measures to 
achieve the objectives and 2) Research Hypotheses. 
3.5.1 Measures to Achieve the Objectives 
Performance metrics of supply chains such as 1) Cycle time 2) Cost 
3) Quality / service and 4) Assets and 5) Logistics cost metrics were selected to 
measure the SCM performance. The following metrics were used for measurements 
in the supply chains of selected segments of atuo & auto components electronics, 
engineering, white goods in manufacturing and FMCG segments (Appendix-C). 
A. Cycle Time Metrics 
1. Procurement cycle time 
2. Production cycle time 
3. Delivery time 
4. Total cycle time 
5. Cash - to - cash cycle time 
6. Supply chain flexibility (%) 
days 
days 
days 
days 
days 
% 
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B. Cost Metrics 
7. Total supply chain cost (% of sales) 
8. In - bound transportation cost (% TSCC) 
9. Out - bound transportation cost (% TSCC) 
10. Ware - housing cost {% of TSCC) 
11. Inventory carrying cost (% of TSCC) 
12. Cost of transit losses (% of TSCC) 
13. Cost of damages (% of TSCC) 
14. Other costs (Insurance, Freight Clearance) 
(% of TSCC) 
15. Return inventory cost (% of TSCC) 
16. Return processing cost (% of TSCC) 
% 
% 
% 
% 
% 
% 
,% 
C. Service / Quality Metrics 
17. % of on-time deliveries 
18. % of supply made as per the quantity ordered 
19. % of supply on desired quality 
% 
% 
% 
D. Asset Metrics 
20. 
21. 
22. 
23. 
Raw material inventory holding 
Work in process inventory holding 
Finished goods inventory holding 
Inventory turnover (No. of turns) 
% 
% 
% 
E. Logistics cost metrics 
24. Logistics cost (In-bound -t- Out-bound) % 
The metric measurement values are compared within the segment and 
between segments of industries and also compared with Best-in-class of that 
particular segment of supply chain. Best practices are identified across the industries 
and bench marked. Statistical analysis such as descriptive statistics including means. 
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frequencies, and percentages, T-test, F-test (ANOVA), Correlation and Regression 
analysis and Factor analysis were conducted. The established significance level for 
rejecting null hypotheses was 0.05 (with 95% confidence level). 
3.5.2 Research Hypotheses 
Descriptive statistic such as mean, minimum, and maximum standard 
deviation etc are calculated. Based on this, 24 null hypotheses were tested to 
investigate the significance of metrics such as cycle time, cost, quality, assets and 
logistics cost in the supply chain performance. 
3.5.2.1 Null Hypotheses 
The research hypothesis were formulated with respect to various metrics of 
performance measurements related to fast moving consumer goods (FMCG) and 
manufacturing segments relevant to selected industries in India. The null hypotheses 
considered for the study were: 
Hoif: There are no significant differences in the mean of procurement cycle time 
between FMCG and manufacturing groups. (Hoif ' f denotes FMCG) 
Ho2f : There are no significant differences in the mean of production cycle time 
between FMCG and manufacturing groups. 
Ho3f : There are no significant differences in the mean of Delivery time between 
FMCG and manufacturing groups. 
H()4f: There are no significant differences in the mean of Total cycle time between 
FMCG and manufacturing groups. 
Hosf : There are no significant differences in the mean of cash-to-cash time 
between FMCG and manufacturing groups. 
Ho6f : There are no significant differences in the mean of supply chain flexibility 
(%) between FMCG and manufacturing groups. 
Ho7f: There are no significant differences in the mean of Total supply chain cost 
(% of sales) between FMCG and manufacturing groups. 
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Ho8f: There are no significant differences in the mean of In-bound transportation 
cost (% TSCC) between FMCG and manufacturing groups. 
Ho9f : There are no significant differences in the mean of Out-bound 
transportation cost {% TSCC) between FMCG and manufacturing groups. 
Hoiof : There are no significant differences in the mean of ware-housing 
transportation cost (% TSCC) between FMCG and manufacturing groups. 
Hoi If: There are no significant differences in the mean of Inventory carrying cost 
(% TSCC) between FMCG and manufacturing groups. 
Houf' There are no significant differences in the mean of cost of transit losses (% 
TSCC) between FMCG and manufacturing groups. 
Hoi3f : There are no significant differences in the mean of cost of damages (% 
TSCC) between FMCG and manufacturing groups. 
Hoi4f : There are no significant differences in the mean of other costs (% TSCC) 
between FMCG and manufacturing groups. 
Hoisf: There are no significant differences in the mean of return Inventory costs 
between FMCG and manufacturing groups. 
Hoi6f: There are no significant differences in the mean of return processing cost 
between FMCG and manufacturing groups. 
Hoi7f: There are no significant differences in the mean of % of on-time deliveries 
between FMCG and manufacturing groups. 
Hoisf - There are no significant differences in the mean of% of supply made as per 
the quantity ordered between FMCG and manufacturing groups. 
Hoi9f: There are no significant differences in the mean of% of supply on desired 
quality between FMCG and manufacturing groups. 
Ho20f '• There are no significant differences in the mean of Raw material. Inventory 
holding between FMCG and manufacturing groups. 
Ho2if : There are no significant differences in the mean of Work in progress 
Inventory holding between FMCG and manufacturing groups. 
Ho22f : There are no significant differences in the mean of Finished goods 
Inventory holding between FMCG and manufacturing groups. 
Ho23f •" There are no significant differences in the mean of Inventory Turnover 
(No. of turns) between FMCG and manufacturing groups. 
H()24f: There are no significant differences in the mean of logistics cost (inbound + 
outbound transpiration cost) between FMCG and manufacturing groups. 
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Similarly, the research hypotheses were formulated with respect to various 
metrics of performance measurements related to manufacturing segments. The same 
null hypotheses were repeated for testing significant differences in the mean values 
of metrics between the manufacturing groups: 
Hoim : There are no significant differences in the mean of procurement cycle time 
between manufacturing groups.( Hoim 'm' denotes manufacturing). 
Ho2ni : There are no significant differences in the mean of production cycle time 
between manufacturing groups. 
Ho3m : There are no significant differences in the mean of Delivery time between 
manufacturing groups. 
Ho4ni: There are no significant differences in the mean of Total cycle time between 
manufacturing groups. 
Hosm ' There are no significant differences in the mean of cash-to-cash time 
between manufacturing groups. 
Ho6ni : There are no significant differences in the mean of supply chain flexibility 
(%) between manufacturing groups. 
Ho7ni • There are no significant differences in the mean of Total supply chain cost 
(% of sales) between manufacturing groups. 
Ho8m : There are no significant differences in the mean of In-bound transportation 
cost (% TSCC) between manufacturing groups. 
Ho9ni : There are no significant differences in the mean of Out-bound 
transportation cost (% TSCC) between manufacturing groups. 
Hoiom : There are no significant differences in the mean of ware-housing 
transportation cost (% TSCC) between manufacturing groups. 
Houm '• There are no significant differences in the mean of Inventory carrying cost 
(% TSCC) between manufacturing groups. 
Hoi2m : There are no significant differences in the mean of cost of transit losses (% 
TSCC) between manufacturing groups. 
Hoi3m '- There are no significant differences in the mean of cost of damages (% 
TSCC) between manufacturing groups. 
Hoi4m : There are no significant differences in the mean of other costs (% TSCC) 
between manufacturing groups. 
Hoism : There are no significant differences in the mean of return Inventory costs 
between manufacturing groups. 
H()i6m ' There are no significant differences in the mean of return processing cost 
between manufacturing groups. 
Honm : There are no significant differences in the mean of% of on-time deliveries 
between manufacturing groups. 
Hoism : There are no significant differences in the mean of % of supply made as 
per the quantity ordered between manufacturing groups. 
Hoi9m : There are no significant differences in the mean of% of supply on desired 
quality between manufacturing groups. 
Ho20m : There are no significant differences in the mean of Raw material Inventory 
holding between manufacturing groups. 
Ho2ini ' There are no significant differences in the mean of Work in progress 
Inventory holding between manufacturing groups. 
H()22m : There are no significant differences in the mean of Finished goods 
Inventory holding between manufacturing groups. 
Ho23ni ' There are no significant differences in the mean of Inventory Turnover 
(No. of turns) between manufacturing groups. 
Ho24m ' There are no significant differences in the mean of logistics cost (inbound 
+ outbound transpiration cost) between manufacturing groups. 
3.6 THE RESEARCH METHODOLOGY 
This section presents an overview of how this research work is planned and 
completed referring to the research design, sampling process, and data collection. 
3.6.1 Research Design 
Exploratory, descriptive and causal defined as 3 general categories of 
research based on the type of information required and the volume of relevant 
knowledge pertaining to the subject available at hand. Since these categories of 
research are not mutually exclusive, any combination of them can, therefore be 
applied to a research process according to the need. The nature of the present 
research work also suggests that exploratory approach is appropriate for pilot test. 
However, after the pilot test descriptive research study was applied. For data 
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collection the researcher included the entire population in the study. As the 
population of the sample is small, researcher considered the entire population from 
the list for data collection. (Tripathi, 2002; Zigmund, 1995; Boud, West fall & 
Stasch, 2004 & Kottari, 2001). This type of research is called as census study. The 
list of respondents is enclosed in Appendix-E. 
3.6.2 Research Instrument 
The research instrument (Appendix-C) consisted of a questionnaire that was 
specially designed for the study. The questionnaire consisted of 24 statements related 
to the performance measurement metrics, business profile of the company, better 
practices and systems that are followed in the company. The questionnaire was 
designed with the inputs from previous studies (Korgaonkar, 2001; Eicher Research 
group, 2002; IIMM, 2003; Shah, 2003; and Lapide, 2004, 2006). The research 
instrument was refined on the basis of the feed back received during the pilot study. 
After the questionnaire was pilot tested, each question / statement was examined for 
its clarity and relevance to the purpose of the research, which resulted in some 
modifications / deletions in the questions. To make the questionnaire user-friendly, 
definition of each metric was enclosed along with the questionnaire. Statements 
related to Economics value added (EVA), Supply chain mapping. Activity based 
costing (ABC) etc were deleted after the pilot test. 
3.6.3 Sampling Procedure 
The population of interest was the entire database of Indian Institute of 
Materials Management (IIMM), which is the largest of its kind membership based 
industry body in India. The IIMM database consists of companies of repute spread 
all across the country. More than 300 companies registered with them formed the 
sample frame for the study. The IIMM database is itself segregated into broad 
industry types i.e. fast moving consumer goods (FMCG) and manufacturing. Of 
these, companies representing auto & components, electronics, white goods. 
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engineering segments and fast moving consumer goods segments were selected for 
the study. This resulted in a sample of 100 companies. 
Primary data were collected from these samples, through structured 
questionnaire, followed by interview. In case of non-probability sampling the sample 
size decisions are made by calculating size either as if it were a probability sample or 
else on an "all-you-can afford" basis (Tull & Hawkins, 1984; Wilcox, 2001; 
Zigmund, 1995; Thompson, 1999 & McNabb 2006). Samples are drawn from the 
data base maintained by Indian Institute of Materials Management (IIMM). As the 
samples are drawn from the list, census method has been followed in the present 
study (www.statpaco.com). 
The sample plan proposed for the study is as shown in table 3.1 
Table 3.1 Sample plan proposed for the research work 
SI. No. 
I 
II. 
Industry segments 
FMCG 
Manufacturing 
a) Auto & Auto components 
b) Electronics 
c) White goods 
d) Engineering 
Total 
Samples (planned) 
20 
20 
20 
20 
20 
100 
3.6.4 Data Collection Procedure 
The researcher then collected the data in various stages as described below: 
Stage 1 : Herein, the researcher sent the structured questionnaire to all 80 companies 
from manufacturing group and 20 companies from the FMCG group that were part of 
the sample. The questionnaire was sent through post & courier to production, 
procurement, quality, finance, material planning and marketing heads of these 
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companies. It included a covering letter highlighting the academic nature of the study 
and a business return envelope. In all, 18 responses were received from the 
manufacturing sector and 8 from the FMCG group. 
Stage 2 : A reminder letter was sent to the remaining companies and 10 responses 
were received. Some of the companies sought clarifications through email and 
surface mail. All clarifications were addressed either through email, surface mail or 
telephone. 
Stage 3 : During this stage, the researcher contacted the companies through 
telephone and email. Soft copies of the questionnaire were sent to those companies, 
who lost / misplaced questionnaire. After the telephonic conversations continuous 
follow up with the companies, and personal visits to some of the companies, the 
researcher could get 54 more responses. 
Thus, there were 88 usable responses obtained from the selected companies 
through census method. Statistical package for social studies (SPSS) - 13 was used 
for conducting statistical analysis. 
3.7 SELECTION CRITERION 
1) The company should have a sales turnover of above Rs.Scrores (minimum) 
2) The unit should be in discrete parts manufacturing in the case of 
manufacturing. 
3) The unit should fit into one of the supply chain selected for data collection. 
4) The unit should have taken some initiative in Supply chain performance 
measurements. 
5) The IIMM database consists of companies of repute spread all across the 
country. More than 300 companies registered with them formed the sample 
frame for the study. The IIMM database is itself segregated into broad 
industry types i.e. fast moving consumer goods (FMCG) and manufacturing. 
Of these, companies representing auto & components, electronics, white 
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goods, engineering segments and fast moving consumer goods segments 
were selected for the study. This resulted in a sample of 100 companies. 
3.8 RELIABILITY AND VALIDITY OF THE INSTRUMENT 
Measures of variables should have validity and reliability (Cronbach, 1971; 
Nunnally, 1978) in order to draw valid inferences from the research. Reliability deals 
with how consistently similar measures produce similar results (Rosental & Rosnow, 
1984), and it has the two dimensions of repeatability and internal consistency 
(Zigmund, 1995). Internal consistency refers to the ability of a scale item to correlate 
with other items in the scale that are intended to measure the same construct. Items 
measuring the same construct are expected to be positively correlated with each 
other. A common, measure of the internal consistency of a measurement instrument 
is Cronbach's alpha. If the reliability is not acceptably high, the scan can be revised 
by altering or deleting items that have scores lower than a pre-determined cut-off 
point. If a scale used to measure a construct has an alpha value greater than 0.70, the 
scale is considered reliable in measuring the construct (Hair, Anderson, Tatham & 
Black, 1998' Nunnally, 1978; Leedy, 1997; Venkatraman & Ramanujam, 1996; 
Seock, 2003; & Sakakibara, Flynn & Schroder, 1993). According Schuessler (1971), 
a scale is considered to have a good reliability if it has an alpha value greater than 
0.60. Hair et al, (1998) suggest that reliability estimates between 0.6 and 0.7 
represent the lower limit of acceptability for reliability estimates. In this research, the 
statements under cycle"time, cost, quality and assets metrics were checked for 
reliability by determining cronbach's alpha and as alpha value of 0.60 or greater was 
considered acceptable (Appendix-D). The cronbach alpha value for all the 4 major 
metrics is shown is the table 3.2 below. 
Table 3.2 Reliability statistics 
Cronbach Alpha Cycle time 
Cost 
Quality 
Assets 
0.811 
0.660 
0.651 
0.760 
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The validity of a measurement instrument refers to how well it captures what 
it is designed to measure (Rosental & Rosnow, 1984). Several different types of 
validity are of concern content validity, the degree of correspondence between the 
items selected to constitute a ratio scale and its conceptual definition; criterion 
validity, the degree of correspondence between a measure and a criterion variable, 
usually measured by their correlation; and construct validity, the ability of a measure 
to confirm a network of related hypothesis generated from a theory based on 
constructs. In this research, the content validity of the measurement instrument was 
assessed by asking experts to examine it and provide feed back for revision. The 
expert panel included Professors and research scholars at Indian Institute of 
Management Kozhikode. After they reviewed the questionnaire, changes were made 
to clarify and eliminate ambiguous statements in instructions and questions / 
statements according to their recommendations. Also, in the pilot test, each statement 
was examined for its clarity and relevance to the purpose of the research, which 
resulted in some modifications to the statements. For example, statements which are 
related to economic value added, balanced score card, supply chain mapping etc 
were deleted. After the data collection with the final questionnaire, the content 
validity of supply chains performance measurements metrics were assessed by factor 
analysis. Such analysis provides an empirical assessment of the interrelationships 
among items in a variable in forming items in a variable in forming the conceptual 
and empirical foundation. 
Internal construct validity was also assessed by factor analysis. In the 
previous research only descriptive statistics such as mean, median, mode and std. 
deviations only computed. Because factor analysis provides evidence of the 
dimensionality of a measure, factor analysis with a varimax rotation was used to 
determine the number of factors contained in the supply chain performance metrics 
attributes scales. An eigen value greater than 1 is considered to indicate the presence 
of an interpretable factor so that factors with eigen values greater than 1 were taken 
into account for interpretation. 
3.9 METHOD OF ANALYSIS 
The data gathered from the structured questionnaire were entered with a 
computer database and then analyzed using the statistical package for the social 
sciences (SPSS)-13 versions. The data analysis consisted of descriptive statistics 
including means, frequencies, std. deviations and percentiles, t-tests, F-test (Anova), 
correlation and regression analysis and factor analysis. 
3.9.1 Descriptive statistics 
Descriptive statistics such as mean, media, mode, standard deviation etc were 
computed and used for analysis. Table 1 shows the descriptive statistics, summary of 
performance measurements between FMCG and manufacturing groups. 
3.9.2 T-Test (2 tailed) 
T-test was used for testing the significance difference in the mean values 
between the FMCG and manufacturing groups (Welch, 1938; Cohen & Lillian, 
1963). Null hypothesis were tested at 5% significance level (95% confidence level). 
The metrics of significance and non-significance between the FMCG and 
manufacturing groups were computed. 
3.9.3 F-Test (ANOVA) - one way 
F-test procedure was applied for testing the significance difference in the 
mean values of metrics between manufacturing groups (Welch, 1938; Cohen & 
Lillian, 1963). Null hypothesis were tested at 5% significance level. 
78 
3.9.4 Correlation and regression analysis 
Correlation analysis studies the joint variation of two or more variables for 
determining the amount of correlation between two or more variables. In each 
performance metrics groups dependent variables are correlated with independent 
variables. The functional relationships existing between two or more variables are 
studied. It is used to find out the best fit. 
3.9.5 Factor Analysis 
The main applications of factor analysis are: (1) to reduce the number of 
variables and (2) to defect structure in the relationships between variables that is to 
classify variables. Therefore, factor analysis is applied as a data reduction or 
structure detection method (Thurstone, 1931 & Gorsuch, 1983). 
Some of the most commonly used guidelines are Kaiser - Guttman rule, 
percentage of variance, the scree test, size of the residuals and interpretability of 
variance and scree plot test were applied Kaiser - Guttman rule, percentage of 
variance and scree plot test were applied. Kaiser - Guttman rule states that the 
number of factors to be extracted should be equal to the number of factors having an 
eigen value (variance) greater than 1.0. Another criterion, related to the latent root 
criterion, is the percentage of proportion of the common variance (defined by the 
sum of communality estimates) that is explained by successive factors. The scree 
option in the PROC FACTOR statement produces a scree plot that illustrates the rate 
of change in the magnitude of the eigen values for the factors. The rate of decline 
tends to be fast for the first few factors but then levels off. The "elbow", or the point 
at which the curve bends, in considered to indicate the maximum number of factors 
to extract (Pohlmann, 2006; Tabachnick & Fidell, 1996; Thompson, 1999; Tripathi, 
2002; Malhotra, 2006; Behrens, 1997; Chong - ho Yu, 2006 & Cooper & Schindler, 
1999). 
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The data was then subject to principal component analysis (PCA), a method 
categorized under the broad area of factor analysis. Principal components (PC) 
analysis all the variance in the items. PC is generally considered the best method for 
the pragmatic purposes of data reduction. With PCA, the 24 metrics of supply chain 
performance related metrics contained in part-Ill of the questionnaire were reduced 
to 7 metrics under 5 broad dimensions which were assigned names such cycle time, 
cost, quality, assets and logistics cost. To give a bird's eye view, the flow chart 
depicting the schema of analysis is presented in Figure 3.1. 
In this research, we have used varimax rotation with Kaiser Normalization 
with which maximum possible simplification is reached, ie., rotation converged with 
iterations. With varimax rotational approach there tends to be some high loadings 
close to -1 or +1 thus indicating a clear positive or negative association between the 
variable and the factor close to zero, indicating a clear lack of association varimax 
rotation gives clear separation of factors. 
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Figure 3.1 Flow chart depicting the schema of the analysis 
Development of Research Instrument 
Collection of data 
I 
Data validation 
I 
Interpretation of Factors 
Reliability Analysis of the scale using 
Cronbach's alpha test. 
Descriptive statistics 
Mean 
Median 
Mode 
Std. Deviation 
Statistical Inference 
Correlation & regression 
analysis for association 
factor analysis 
t-test (two tailed) 
F-test (one way) 
Interpretation of 
Findings 
3.10 ASSUMPTIONS OF THE RESEARCH STUDY 
This research is undertalcen with the following assumptions. 
1. The subjects understood, responded to the questions correctly and honestly. 
2. Instructions to search for information about supply chain performance in 
selected manufacturing and fast moving consumer goods (FMCG) industries 
on annual basis, assuming that there is no drastic change in the supply chains 
performance. 
3. All these respondents are already taken up certain initiatives in the Supply 
Chain performance measurement front. 
4. Samples are selected by Census method. Selection by choice not by chance, 
certain assumption are built in comparisons. 
3.11 LIMITATIONS OF THE STUDY 
Academic research on any topic itself a continuous and perhaps, an endless 
process. Each part of that research, therefore, has to have some limitations in the 
form of either the resource constraints like that of time and money or the self defined 
scope of the study this work too has some such constraints which, in fact were not 
confined to any particular stage of the work. 
The following are limitations of this study: 
1. While reviewing literature the researcher has tried his best to explore as many 
sources as possible for enrichment of the review. Yet some matter may have 
been inadvertently over looked. Such matter would have enabled a more 
critical identification of the research gap and setting of the objectives of this 
study. 
2. All though the sample for this study is selected by census sampling method, 
the researcher has included the entire population restricted to the following 
segments a) fast moving consumer goods (FMCG) b) Auto & components c) 
Electronics d) Engineering and e) White goods. 
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3. Thus, the interpretation of the findings cannot be generalized to the larger 
population of fast moving consumer goods (FMCG) and manufacturing 
segments. 
4. The sample size has been just sufficient to estimate population parameters in 
fast moving consumer goods (FMCG) segments. 
5. Generally the companies are found to be apprehensive of any possible misuse 
of the information on researcher seeks from them about their business. Some 
of the managers are reluctant in answering some of the metric statement 
during measurement. 
6. The long time period taken to collect the data. This was largely due to the 
work load of executives in .senior positions and non-availability of data 
readily available with the companies. 
7. It would indeed to fair to say that the numbers of units contacted were small, 
but it was not lack of effort, but want of time, financial resources and 
informational support. 
8. Readily available information on global trends to supply chain performance 
metrics is very much limited. 
9. Some of the respondents are not clear about certain metrics. Lot of 
discussions took place to make the respondent clear about the concepts 
involves. 
10. The response rate in electronics and engineering segments are less compared 
to other segments. 
11. Samples collected from fast moving consumer goods (FMCG) segments are 
small compared to manufacturing segments. Hence, F-test (Anova) could not 
be conducted for fast moving consumer goods (FMCG) segment. 
12. The constant delays in obtaining data, and interview resulted in the write up 
of results only being conducted towards the end of the one year (2004-05). 
This limited the scope of any follow-up research in particular areas. 
13. Some of the metrics such as supply chain flexibility, total supply chain costs, 
inventory costs etc are difficult to calculate accurately. This has resulted, 
some limitations in the research work. 
14. Metrics in the upstream end are not fully covered. This is considered as major 
limitations of the research. 
This completes the overview of the frame work within which the data is 
analyzed to meet the objectives. The next chapter presents the analysis and 
interpretation of data. 
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CHAPTER 4 
ANALYSIS AND INTERPRETATION 
4.1 INTRODUCTION 
This chapter includes sequence of analysis, analysis and interpretation of 
descriptive statistics, t-test statistics, F-test (Anova), correlation and regression 
analysis and factor analysis. In order to obtain a clear picture, the results have been 
arranged both in tabular (Appendix-F to J) and graphical formats. In all, data was 
collected from 90 companies. However, data from only 88 companies could be used 
for the purpose of analysis. The research instrument used to collect the data was in 
the form of a structured questionnaire followed by interview. It should be noted that 
before proceeding with final data collection, the research instrument was first tested 
on a sub-sample of 5 companies during the pilot study phase. 
Factor analysis was carried out on the data generated by section III of the 
research instrument. Reliability analysis of scale used for generating this data was 
also carried out using Cronbach's alpha. 
Descriptive statistics such as mean, median, mode, std. deviation between 
segments and within segments were computed and used for analysis. Best in class 
and industry average values of each metric was compared in each segment. 
Independent samples t-test statistics was calculated so as to look for 
differences between the FMCG and manufacturing companies on the various factors 
/ metrics identified through factor analysis. F-test (Anova)-one way was also applied 
to investigate the significance difference in the mean of metrics between 
manufacturing segments. Both, T-test statistics and F-test (Anova) were use for 
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testing the null hypothesis, at 5% significance level. Pearson correlation and 
regression analysis were also applied to look for associations between variable under 
study. Factor analysis was also applied for variables reduction and summarization 
large number of correlated variables is reduced to set of independent underlying 
factors. The sequence of analysis is shown in Figure 4.1. 
4.2 SEQUENCE OF ANALYSIS 
Figure 4.1 Flow chart depicting the schema of the analysis 
Development of Research Instrument 
Collection of data 
Data validation 
Interpretation of Factors 
Reliability Analysis of the scale using 
Cronbachs alpha test 
Descriptive statistics 
Mean 
Median 
Mode 
Std. Deviation 
Statistical Inference 
Correlation & regression 
analysis for association 
factor analysis 
T-test (two tailed) 
F-test (one way) 
Interpretation of 
Findings 
^)0^> ilk 
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4.3 ANALYSIS AND INTERPRETATION OF DESCRIPTIVE 
STATISTICS 
4.3.1 Preliminary analysis of data 
Collected data are tabulated and further analysis carried out. 
Table 4.1 Percentage of sample coverage 
Sl.No 
1. 
2. 
3. 
4. 
5. 
Industry Segments 
FMCG 
Auto & Component 
Electronics 
White Goods 
Engineering 
Total 
Samples 
(Planned) 
20 
20 
20 
20 
20 
100 
Samples 
Collected 
20 
20 
12 
19 
17 
88 
% of 
Coverage 
100 
100 
60 
95 
85 
88% 
The coverage of sample is 88% overall. 
Frequency statistics 
Table 4.2 Frequency of the segments. 
Segment 
Valid Manufacturing 
FMCG 
Total 
Frequency 
68 
20 
88 
Percent 
77.3 
22.7 
100.0 
Valid Percent 
77.3 
22.7 
100.0 
Cumulative 
Percent 
77.3 
100.0 
Figure 4.2 Nature of Business of sample 
Nature of business 
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I Wanutacturing 
I FMCG 
Table 4.3 Sectoral segmentation of samples 
Valid Auto & Auto 
Components 
Electronics 
White goods 
Engineering 
FMCG 
Total 
Frequency 
20 
12 
19 
17 
20 
88 
Percent 
22.7 
13.6 
21.6 
19.3 
22.7 
100.0 
Valid Percent 
22.7 
13.6 
21.6 
19.3 
22.7 
100.0 
Cumulative 
Percent 
22.7 
36.4 
58.0 
77.3 
100.0 
Figure 4.3 Pie chart sectoral seementation of sample 
Segmentation 
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_ Auto & Auto 
Components 
H Electronics 
D White goods 
H Engineering 
D FMCG 
4.3.2 Sectoral segmentation and geographical location 
The sectoral segmentation and geographical location of the responded 
companies are given below 
Table 4.4 Geographical location of the respondents 
SI.No 
1. 
2. 
3. 
4. 
5. 
Segment 
FMCG 
Auto & Comp 
Electronics 
White Goods 
Engineering 
Total 
South 
5 
11 
3 
5 
6 
30 
West 
9 
7 
4 
4 
10 
34 
North 
3 
2 
4 
10 
1 
20 
East 
3 
0 
1 
0 
0 
4 
Total 
20 
20 
12 
19 
17 
88 
88 
Figure 4.4 Bar chart of sectoral segmentation of samples 
SECTORAL SEGMENTATION OF SAMPLES 
25-
20 
! s 
i V' 
I ! 
1 o 10 
6 
FMCG Auto & Comp B«c Ironies 
Segments 
White Goods Engineering 
Figure 4.5 Pie Chart of Geographical Segmentation of Samples 
GEOGRAPHICAL SEGMENTATION OF 
SAMPLES 
I South 
I West 
I North 
I East 
Percentage of companies who have responded from South 20%, West 38.6% 
North 22.7% and East 4.5%. 
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4.3.3 Profile of the Respondents 
Of the total no of respondents contacted most of the respondents are found to 
be having more than 15 years of experience in production, procurement, logistics, 
marketing, quality and finance areas. 
4.3.4 Profile of the responding units 
a. Nature of business 
Data collected are for the financial year 2004 - 2005. 
22.7% Consfitutes FMCG. 
77.3% Consfitutes Manufacturing 
1. FMCG industry : Sample size : 20, of the total companies contacted, all the 
companies found to be having a turnover of more than Rs.40 crores. 
2. Auto & auto components : Sample size : 20, of the total companies 
contacted, all the companies found to be having a turnover of more than 
Rs.40crores. 
3. Electronics industry : Sample size : 12, 85% of companies are having a 
turnover of more than Rs.40crores and 15% of companies are having a 
turnover between Rs.8crores and Rs.lOcrores. 
4. White goods industry : Sample size : 19, of the total companies contacted, 
all the companies found to be having a turnover of more than Rs.40crores. 
5. Engineering industries : Sample size : 17, 90% of companies found to be 
having a turnover of more than Rs.40crores and 10% of companies found to 
be having a turnover between Rs.l0-30crores. 
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4.3.5 Profile of the supply chains 
I. FMCG supply chain products 
a) Packaged foods 
b) Healthcare products 
c) Cosmetics products 
d) Toilet and detergent products 
e) Pen and Stationary products 
f) Cigarettes and liquor. 
II. Auto & auto components supply chain products 
1. Heavy auto products - bus, trailers 
2. Tractor 
3. Cars and jeeps 
4. Auto components 
5. Head lamps and auto electrical items 
6. Auto fasteners 
7. Brake and lining products 
8. Motor cycles. 
III. Electronics industry supply chain products 
1. Computer industry 
2. Strategic electronics 
3. Entertainment electronics such as Television, music systems, etc. 
4. Computer accessories 
5. Power electronics and control devices 
6. Electronics devices. 
91 
IV. White goods industry supply chain products (Durables) 
1. Refrigerators and air conditioners 
2. Washing machines 
3. Micro wave ovens, 
4. Pressure cookers 
5. Home appliance products such as gas stoves fruit juice extractors. 
V. Engineering Industry supply chain products 
1. Compressor and its parts 
2. Engine and its parts 
3. Metal cutting tools and grinding wheels 
4. Bicycle and its components 
5. Tube products 
6. Forged parts 
7. Pumps and its components. 
I. Cycle time metrics 
Table 4.5 Mean, Median, Mode & S.D of cycle time metrics 
Statistics 
N Valid 
Missing 
Mean 
Median 
Mode 
Std. 
Deviation 
Minimum 
Maximum 
Procurement 
Cycle (No.of 
Days) 
88 
0 
19.00 
14.00 
12.00 
14.25 
3.00 
56.00 
Production 
Cycle time 
(No.of 
Days) 
88 
0 
13.46 
8.00 
3.00 
13.34 
2.00 
60.00 
Delivery 
Time 
(No.of 
Days) 
88 
0 
7.18 
6.00 
6.00 
3.12 
3.00 
16.00 
Total 
cycle time 
(No.of 
Days) 
88 
0 
43.17 
39.00 
10.00 
27.42 
8.00 
110.00 
Cash-to-
Cash Cycle 
time (No.of 
Days) 
88 
0 
50.03 
48.00 
30.00(a) 
27.49 
0.00 
120.00 
a Multiple modes exist. The smallest value is shown 
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III. Quality Metrics 
Table 4.7 Mean, Median, Mode and S.D. of quality metrics 
Statistics 
N Valid 
Missing 
Mean 
Median 
Mode 
Std. Deviation 
Minimum 
Maximum 
% of on Time 
deliveries 
88 
0 
93.60 
95.00 
95.00 
5.59 
75.00 
100.00 
% of supply made 
as per the 
quantity ordered 
88 
0 
96.04 
98.00 
100.00 
4.26 
80.00 
100.00 
% of supply on 
desired quality 
88 
0 
97.59 
99.00 
100.00 
3.07 
85.00 
100.00 
IV. Assets Metrics 
Table 4.8 Mean, Median, Mode and S.D. of Assets metrics 
Statistics 
N Valid 
Missing 
Mean 
Median 
Mode 
Std. 
Deviation 
Minimum 
Maximum 
Raw Material 
inventory 
holding (Days) 
88 
0 
19.31 
18.00 
18.00(a) 
11.19 
2.00 
45.00 
Work in 
progress 
inventory 
holding (Days) 
88 
0 
8.79 
6.00 
3.00 
7.72 
2.00 
36.00 
Finished goods 
inventory 
holding (Days) 
88 
0 
12.53 
7.00 
7.00 
9.53 
2.00 
40.00 
Inventory 
Turnover 
(Turns) 
88 
0 
18.04 
18.00 
12.00 
6.41 
5.00 
31.00 
a Multiple modes exist. The smallest value is shown 
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4.3.6 Analysis of descriptive statistics 
In descriptive analysis, minimum, maximum, mean, mode, median, S.D. etc 
were calculated for (88 samples) cycle time, cost, quality and Assets metrics. The 
frequency statistics values such as mean, minimum and maximum of cycle time are 
tabulated as shown in Table 4.9. 
Table 4.9 Descriptive statistics of cycle time metrics 
1. Cycle Time Metrics 
Metrics 
Procurement cycle time (No. of days) 
Production cycle time (No. of days) 
Delivery Time 
Total cycle time 
Cash-to-Cash cycle time 
Minimum 
3 
2 
3 
8 
0 
Mean 
19 
13.5 
7 
43 
50 
Maximum 
56 
60 
16 
110 
120 
Figure 4.6 Bar chart of descriptive statistics of cycle time metrics 
Descriptive Statistics of Cycle Time IVIetrics 
140 
120 
100 
<n 
ra 8 0 Q 
"o 
d 60 
Z 
40 
2 0 -
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I 
R-ocurement R-oduction Delivery Time Total cycle Cash-to-Cash 
cycle time (No cycle time (No. time cycle time 
of days) of days) 
Metrics 
• Minimum 
• Mean 
B Maximum 
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2. Cost Metrics 
In descriptive analysis, minimum, maximum, mean, mode, median, S.D. etc 
were calculated for (88 samples) cycle time, cost, quality and Assets metrics. The 
frequency statistics values such as mean, minimum and maximum of cost metrics are 
tabulated as shown in Table 4.10. 
Table 4.10 Descriptive statistics of cost metrics 
Metrics 
Total supply chain cost (% of sales) 
In-bound transportation (% of TSCC) 
Out-bound transportation (7c of TSCC) 
Ware-housing cost (% of TSCC) 
Inventory carrying cost (% of TSCC) 
Cost of transit losses (% of TSCC) 
Cost of damages (% of TSCC) 
Other costs (Insurance, freight & 
clearance) 
Minimum 
2 
10 
14 
4 
4 
0 
0 
0.50 
Mean 
7 
21 
31 
11 
14.5 
3 
4 
6 
Maximum 
18 
44 
42 
24 
26 
8 
8 
12 
Figure 4.7 Bar chart of descriptive statistics of cost metrics 
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3. Quality 
In descriptive analysis, minimum, maximum, mean. mode, median. S.D. etc 
were calculated for (88 samples) cycle time. cost, quality and Assets metrics. The 
frequency statistics values such as mean, minimum and maximum of quahty metrics 
are tabulated as shown in Table 4TI. 
Table 4.11 Descriptive statistics of quality metrics 
Metrics 
% of on-time deliveries 
% of supply made as per the quantity 
ordered 
% of supply on desired quality 
Minimum 
75 
80 
85 
Mean 
93.6 
96 
97.5 
Maximum 
100 
100 
100 
Figure 4.8 Descriptive statistics of quality metrics 
Discriptive Statistics of Quality Metrics 
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4. Assets Metrics 
In descriptive analysis, minimum, maximum, mean, mode, median, S.D. etc 
were calculated for (88 samples) cycle time, cost, quality and Assets metrics. The 
frequency statistics values such as mean, minimum and maximum of Assets metrics 
are tabulated as shown in Table 4.12. 
Table 4.12 Descriptive statistics of Assets metrics 
Metrics 
Raw Material Inventory holding (days) 
Work in Progress Inventory holding 
Finished Goods Inventory holding 
Inventory Turnover (No. of turns) 
Minimum 
2 
2 
2 
5 
Mean 
19.5 
8.8 
12.5 
18 
Maximum 
45 
36 
40 
31 
Figure 4.9 Bar chart of descriptive statistics of Assets metrics 
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Descriptive Statistics of Assets Metrics 
I Minimum 
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holding (days) holding holding (No. of tums) 
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4.3.7 Interpretation of descriptive statistics 
1) Procurement cycle time: The minimum value is 3 days and the maximum value 
56 days, whereas the mean value is 19 days, which means that there is a huge gap 
between the best-in-class and industry average. 
2) Production cycle time: The minimum value is 2 days as against to the maximum 
of 60 days, whereas the mean value is 13 days. The production cycle times in the 
manufacturing segments are high compared to FMCG. 
3) Delivery time : The minimum value is 3 days and the maximum is 16 days as 
against the mean of 7 days. This is due to geographical location of the companies 
and its markets. 
4) Total cycle time: The minimum value is 8 days as against the maximum of 110 
days. This is due to engineering and electronics segments in manufacturing. 
5) Cash-to-Cash cycle time: The minimum value is zero and the maximum is 120 
days. In FMCG and white goods segments, companies take advances from their 
customers and credit from their vendors for supply of items. Hence, they are able to 
achieve zero cash collection period. 
6) Supply chain flexibility: The maximum value is 18% as against 9% in white 
goods segments. FMCG and auto segments are able to meet the upsurge demand 
above 20 %. 
7) Total supply chain cost (% of sales): The minimum value is 2% as against the 
maximum of 18%. The mean value is 7% of sales. 
8) In-bound transportation cost: The minimum value is 10% and the maximum 
value is 44%. An auto and engineering segment contributes to the maximum value. 
The mean value is 21% of TSCC. 
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9) Out-bound transportation cost: The minimum value is 14% and the maximum 
value is 42% FMCG and a white goods segment contributes to the maximum value. 
The mean value is 31%. 
10) Warehousing cost: The minimum value is 4% and maximum is 24% FMCG, 
electronics and white goods segments contributes to the maximum. The mean value 
is ll%ofTSCC. 
11) Inventory carrying cost: The minimum value is 4% and the maximum is 26% 
engineering and auto segments contribute to the maximum value. The mean value is 
14.5%ofTSCC. 
12, 13) Cost of transit losses and damages: The minimum value is zero and the 
maximum value is 8%. This maximum value due to FMCG, auto and white goods 
segments. 
14) Other costs (Insurance, freight, clearance): The minimum value is 0.50% and 
the maximum is 12% FMCG, electronics and white goods segments contributes to 
the maximum. The mean value is 6% of TSCC. 
15, 16) Return and processing cost: The minimum value is zero and maximum 
value is 6% auto, electronics and a white segment contributes to the maximum value. 
17) Logistics cost (In-bound & Out-bound): The minimum value is 26% and the 
maximum is 80%. The mean value is 55.5% of TSCC. The manufacturing segments 
inbound transportation costs and FMCG outbound transportation cost are the main 
elements for this maximum value. 
18) % of on time deliveries: The minimum value is 75% and the maximum value is 
100%. The mean value is 94%. FMCG, white goods & electronics are contributing 
to the maximum value. 
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19) % of supply made as per the quantity ordered: The maximum value is 100% 
and the minimum is 80%. The mean value is 96%. FMCG and electronics segments 
are contributing to the maximum value. 
20) % of supply on desired quality: The minimum value is 85% and the maximum 
is 100%. The mean value is 97.5% FMCG. Electronics and white goods are the 
major contributors to the maximum value. 
21) Raw material inventory holding (Days): The mean value is 2 days and 
maximum is 45 days. The mean value is 19.5 days. Engineering, electronics and 
auto segments are contributing to the maximum value. 
22) Work-in-progress Inventory holding (Days): The minimum is 2 days and 
maximum is 36 days. The mean value is 9 days. Engineering, auto and white goods 
are the contributors to the maximum value. 
23) Finished goods Inventory holding (Days): The minimum value is 2 days and 
maximum value is 40 days. FMCG, electronics and white goods are the contributors 
to the maximum value. The mean value is 12.5 days. 
24) Inventory Turnover (No. of turns): The minimum value is 5 turns and the 
maximum is 31 turns. The mean value is 18 turns. FMCG, auto and white goods are 
the contributors to the maximum value. 
In all the metrics there are huge differences existing between minimum, 
maximum and mean values, which means that some of the companies are performing 
well and some of the companies are not performing well. Most of the companies are 
meeting the mean values of the performance metrics. 
The performance metrics of each metrics such cycle time, cost, quality and 
Assets are compared within the segment with industry average values, i.e., Bench 
marking. Some of the metrics are bench marked globally also. 
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4.3.8 Performance metrics of best in class vs industry average 
A. Performance metrics of FMCG 
Table 4.13 Best in class vs industry average-sum up (FMCG) 
SI. No 
A. 
1. 
2. 
3. 
4. 
5. 
6. 
B 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
C. 
17. 
18. 
19. 
D. 
20. 
21. 
22. 
23. 
Metrics 
Cycle time metrics (Days) 
Procurement time 
Production cycle time 
Delivery time 
Total cycle time 
Cash to cash time 
Supply chain flexibility (%) 
Cost-metrics 
Total supply chain cost (% of sales) 
In-bound transportation cost 
(%ofTSCC) 
Out-bound transportation cost 
(%ofTSCC) 
Warehousing cost (% of TSCC) 
Inventory carrying cost (% of TSCC) 
Cost of transit losses (% of TSCC) 
Cost of damages (% of TSCC) 
Other cost (Insurance, International 
Freight & Clearance) (% of TSCC) 
Return Inventory cost 
Return Processing cost 
Quality Metrics 
% of on-time deliveries 
% of supplies made as per the Quantity 
ordered 
% of supply on desired quality 
Assets Metrics 
Raw Material Inventory holding 
Work in Progress Inventory holding 
Finished Goods Inventory holding 
Inventory turnover (no. of turns) 
Best in Class 
3 
3 
3 
7 
0 
40 
2 
15 
21 
8 
6 
1 
1 
3 
0 
0 
100 
100 
100 
3 
2 
3 
30 
Industry 
Average 
18 
13 
7 
41 
35 
15 
6.5 
22 
36 
16 
15 
3 
5 
8 
2 
0 
97 
98 
98 
16 
6.5 
15.5 
19 
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1. Cycle time metrics 
a. Procurement time 
Of the companies contacted, around 55% of them revealed that the 
procurement time is usually less than 15 days, with 22% saying it ranges between 15-
25 days. However, for some companies (20%) the procurement time is more than a 
month. 
On the other hand, for companies like Vanmalee confectioneries ltd., Parle 
International Ltd., Britannia Industries ltd and Dorcas market makers ltd. Procurement 
time tend to be less than a week. 
Procurement time varies across companies mainly due to the geographical 
proximity of the vendor. For instance, it takes 1-2 weeks for companies like GM pens 
and Proctor and Gamble to procure its raw material within India and up to 2 months in 
case of imports. 
b) Production cycle time 
It was found that production cycle time of more than 60% of the companies is 
less than 10 days, of which production cycle time of around 20% of the companies is 
less than 7 days. These companies include Marico Industries ltd., GTC Industries Ltd., 
Parle International Ltd., GM Pens Ltd and Godrej Consumers products ltd. 
c) Delivery time 
Of the companies contacted, over 70% of them revealed that the delivery time 
is usually between 4-10 days. For some companies (11%) delivery seems to be lesser 
than 5 days for instance in the case of Godrej consumer, products, the delivery time for 
northern region ands, southern regions are around 7 days and for western region it is 
less than 4 days. 
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d) Total cycle time 
Total cycle time for almost 40% of the companies contacted during the study 
seems to be less than 25 days. However for very few companies it is over 70 days. 
e) Cash to cash cycle time 
Cash to cash cycle time of 1/3 of the companies contacted seems to be in the 
range of 7-30 days. However, for companies like Eveready Industries India ltd., JL 
Morrision India Ltd and Emami Ltd., cash to cash cycle time is over 60 days. 
Interestingly, in a few cases, it was found that the cash to cash cycle time was 
actually zero. This is because some companies get paid in advance by their customers 
and get credit period from their vendors. 
f) Supply chain flexibility (%) 
Around 60% of the companies revealed that they could meet up to 10% of the 
demand surge when there is an unexpected increase in demand. However, companies 
like Britannia Industries ltd and Emami ltd are capable of meeting up to 35% increase 
in demand. 
2) Cost metrics 
a) Total supply chain (% of sales) 
The supply chain costs of around 70% of the companies contacted is over 6%. 
Out bound transportation chain cost followed by in bound transportation and ware 
housing cost, which contributes 26% and 16% of the total supply chain cost 
respectively. 
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3) Quality / Service metrics 
a) % of on time deliveries 
Around 20% of them revealed that every time they deUver the goods to their 
customer by the promised time is 100% on time delivery. However for 50% of the 
companies on time delivery seems to be happening not in all cases. 
b) % of supplies made as per the quantity ordered 
% of supplies made as per the quantity ordered around 65% of the companies 
contacted indicated that it ships 100% of the total order in the initial shipment itself. 
However, in 20% of the cases, the initial shipment carries 95-99% of the total order. 
c) % of supply on desired quality 
20% of the companies responded that it delivers at 100% desired quality level 
and others % of supply on desired quality ranges between 95-99% 
3) Assets metrics 
a) Inventory holding (RM, WIP and FG inventory) 
While in most of the cases, raw material inventories are held for 15-30 days 
and work in progress inventories are held for less than 10 days. However, finished -
goods inventories, in 40% of the cases, are held for 4-7 days. Also, in some cases 
(20%) it appears to be over 20 days. 
b) Inventory turnover 
60% of the companies maintain an inventory turnover of 12-20 turns in the 
supply chain followed by of 20% of the companies maintains above 20 turns. 
hi the global FMCG industry, bench marking has become an important tool to 
help companies compare and contrast their performance with others, identify 
performance gaps share best practices. 
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Faced with the necessity of operating a cost-effective supply chain 
manufacturers know what they must do to compete reduce inventory carrying costs, 
improve operational efficiency, reduce stock outs, forge tighter relationships with 3PL 
service provides and shorten order-to cash cycles with their channel partners,. 
In the case of cycle time metrics, there is ample scope for reducing the total 
cycle time and cash to cash cycle time. The difference between a best in class figure 
(which stands at around 7 days) and the industry average (seem to be around 30-35 
days) is quite significant. Globally these figures stands at around 24 days for cash to 
cash cycle time (source: Performance measurement group) a subsidiary of Pitiglio 
Rabin Todd & McGrath (PRTM) based on a two year bench marking study of more 
than 110 participants. 
There is a lot of scope for improvement in the existing way of working of the 
I ^ C G companies especially with regard to inventory management. 
Hence, it can be said that there is a very good potential for improving the 
supply chain efficiencies in the FMCG sector. Overall, it is the companies in the 
branded and packaged food and beverages and personal care segment that are faring 
well across the matrices when compared with other segments. 
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B. Performance metrics of auto & auto components 
Table 4.14 Best in class vs industry average - sum up (Auto & auto components) 
SI. No 
A. 
1. 
2. 
3. 
4. 
5. 
6. 
B 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
C. 
17. 
18. 
19. 
D. 
20. 
21. 
22. 
23. 
Metrics 
Cycle time metrics (Days) 
Procurement time 
Production cycle time 
Delivery time 
Total cycle time 
Cash to cash time 
Supply chain flexibility (%) 
Cost-metrics 
Total supply chain cost (% of sales) 
In-bound transportation cost 
(%ofTSCC) 
Out-bound transportation cost 
(%ofTSCC) 
Warehousing cost (% of TSCC) 
Inventory carrying cost (% of TSCC) 
Cost of transit losses (% of TSCC) 
Cost of damages (% of TSCC) 
Other cost (Insurance, freight & Clearance) 
(% of TSCC) 
Return Inventory cost 
Return Processing cost 
Quality Metrics 
% of on-time deliveries 
% of supplies made as per the quantity 
ordered 
% of supply on desired quality 
Assets Metrics 
Raw Material Inventory holding 
Work in Progress Inventory holding 
Finished Goods Inventory holding 
Inventory turnover (No. of turns) 
Best in 
Class 
4 
3 
2 
9 
16 
25 
3.0 
12 
14 
7 
8 
3 
4 
3 
3 
2 
100 
100 
100 
2 
3 
2 
30 
Industry 
Average 
20 
9 
7 
40 
64 
15 
7.0 
24 
25 
13 
12 
5 
5 
5 
4 
4 
94 
97 
97 
19 
7 
11 
18 
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1) Cycle time metrics 
a) Procurement time 
Of the companies contacted, around 40% of them revealed that the procurement 
time is usually between 3-8 days. However for some companies (11%) the procurement 
time is greater than 35 days. For companies like Fiat India ltd and Mahindra & 
Mahindra ltd., procurement time is as low as 4 days. 
b) Production cycle time 
During the data collection, it was found around 70% of the companies' 
production cycle time is less than 10 days, of which production cycle time of 45% of 
the companies is as low as 3 days. 
e) Delivery Time 
Of the comp£inies contacted, over 60% of them revealed that the delivery time is 
usually between 3-6 days. For instance sources brakes India ltd indicated that letter 
delivery time is usually 3 days. 
d) Total cycle Time 
For around 25% of the companies, total cycle time seems to be between, 8-25 
days. For some of the companies (75%) it ranges between 30-104. 
e) Cash to cash Cycle time 
Cash to cash cycle time of around 70% of the companies contacted seems to be 
the range of 61-90 days. However, around 30% of the companies reported that their 
cash to cash cycle time is between 16-60 days. 
f) Supply chain flexibility (%) 
About 30% of the companies revealed that they could meet up to 20% of the 
demand surge when there is an unexpected increase in demand. For others it varies 
between 6-18%. 
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2) Cost metrics 
a) Total supply chain (% of sales) 
The supply chain cost of over 50% of the companies contacted seems to be 
around 3-5%. But for around 20% of the companies total supply chain cost seems to be 
over 8%. Both in bound and out-bound transportation costs together account for over 
50% of the total supply chain cost followed by inventory carrying cost and warehousing 
cost, which contribute 13% and 12% of the total supply chain cost, respectively. 
3) Service quality metrics 
a) % of on time deliveries 
Of the companies contacted, only around 10% of them revealed that every time 
they deliver the goods to their customers by the promised time ie., 100% on time 
delivery. Percentage of on time deliveries seems to be 100% in the case of Escorts 
Yamaha Motors ltd., India Japan lighting ltd and Visteon Automotive Systems India 
Pvtltd., 
b) % of supplies made as per the quantity ordered. 
20% of the companies contacted indicated that it ships 100% of the total order 
in the Initial Shipment itself. However, 80% of the cases, the initial shipment carry 90-
99% of the total order. 
c) % of the supply on desired quality 
Around 20% of the companies contacted reported that they are supplying the 
finished product 100% as per the required quality. For others it ranges between 90%-
99%. 
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4) Assets Metrics 
a) Inventory Holding (RM, WIP and F.G. Inventory) 
In over 20% of the cases, raw material inventories are held for 3-7days. In 
general work in progress inventories are held for 3-7 days in 80% of the cases. 
However, finished goods inventories, 80% of the cases is less than 7 days. 
b) Inventory turnover 
Another important parameter that determines the efficiency of the supply chain 
is the inventory turnover. It refers to the speed with which the goods more and are 
replenished in the system. Inventory turnover of 20% of the companies is in the range 
of around 8-12 turns. For instance, sources from Lucas TVS ltd indicated that their 
inventory turns more than 30 times a year. More than 50% of the companies are above 
to meet at least 20% of demand surge. 
Indian auto industry is fiercely competitive on a global basis in terms of price, 
technology, design or time-to-market. And everything is subject to intense competition 
in the Indian auto industry. In such a scenario, companies with the most efficient supply 
chain wins in the market. 
In the recent years lots of improvements are being witnessed in Indian auto 
industry. Whether it is information technology or hard core supply chain management 
strategies, domestic companies have started competing with their global counter parts. 
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C. Interpretation of performance metrics of electronics 
Table 4.15 Best in class vs industry average-sum up (Electronics) 
SI. No 
A. 
1. 
2. 
3. 
4. 
5. 
6. 
B 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
C. 
17. 
18. 
19. 
D. 
20. 
21. 
22. 
23. 
Metrics 
Cycle time metrics (Days) 
Procurement time 
Production cycle time 
Delivery time 
Total cycle time 
Cash to cash time 
Supply chain flexibility (%) 
Cost-metrics 
Total supply chain cost (% of sales) 
In-bound transportation cost 
(%ofTSCC) 
Out-bound transportation cost 
(%ofTSCC) 
Warehousing cost (% of TSCC) 
Inventory carrying cost (% of TSCC) 
Cost of transit losses (% of TSCC) 
Cost of damages (% of TSCC) 
Other cost (Insurance, International 
Freight & Clearance) (% of TSCC) 
Return Inventory cost 
Return Processing cost 
Quality Metrics 
% of on-time deliveries 
% of supplies made as per the Quantity 
ordered 
% of supply on desired quality 
Assets Metrics 
Raw Material Inventory holding 
Work in Progress Inventory holding 
Finished Goods Inventory holding 
Inventory turnover (No. of turns) 
Best in Class 
7 
3 
3 
10 
25 
20 
2 
10 
25 
5 
5 
2 
3 
1 
1.0 
0.5 
100 
100 
100 
15 
3 
3 
24 
Industry 
Average 
21 
10 
6 
54.5 
60 
10 
6 
22 
31.5 
10 
18 
3 
4 
8 
2.5 
2 
95 
98 
100 
22 
6.0 
12 
15 
I l l 
1) Cycle time metrics 
a) Procurement time 
Of the companies contacted, over 30% of them revealed that the procurement 
time is usually between 30 & 45 days, with over 30% indicating that it ranges between 
12 & 30 days. However for some companies, the procurement time is less than 10 days. 
For companies like Zenith computers and Thakur Electronics, procurement time is as 
low as 7 or 8 days. For companies like BEL, Philips etc the procurement time is as high 
as 45 days. 
b) Production cycle time 
It was found that 50% of the company's production cycle time is less than 10 
days. Production cycle time is usually less in the case of consumer electronics and 
relatively high in the case of communication, strategic electronics and broad casting 
equipment manufacturers. 
c) Delivery time 
Of the companies contacted, over 75% of them revealed that the delivery is less 
than 7 days and it is more than 7 days for around 25% of the companies. Delivery time 
doesn't seem to vary across the segments and largely remains less than a week's time. 
d) Total cycle time 
Interestingly, total cycle times seems to vary significantly across companies 
contacted for around 25% percent of the companies it is around 30 days, while for about 
75% of the companies, total cycle time seems to be above 50 days. For companies like 
BEL, Siemens etc, it is around 120 days. 
e) Cash to cash cycle time 
Cash to cash cycle time of around 50% of the companies contacted seems to be 
in the range of 30-45 days. However for others it varies from 60-120days. 
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f) Supply chain flexibility 
About 75%of the companies revealed that they could meet up to 10% of the 
demand surge when there is an unexpected increase in demand 25% of the companies 
revealed that they could meet above 15%. 
2) Cost metrics 
a) Total supply chain cost (% of sales) 
The supply chain costs of over 50% of the companies contacted seems to be 
around 2-5%. But for others total supply chain cost seems to be around 8-10%. As far 
as electronics industry is concerned transportation, inventory management and ware -
housing have emerged as the top three cost heads. The transportation cost and 
warehousing / inventory cost of consumer electronics are more than strategic 
communication and broadcasting equipment, which are mosdy build on demand. 
3) Service Quality metrics 
a) % of on-time delivers 
For 75% of the companies on time delivery seems to be happening not in all 
cases but in 90-99% of the cases. Percentage of on time deliveries seems to be 100% in 
the case of TVS electronics, BEL etc and it is relatively higher in the case of Consumer, 
electronics segment. 
b) % of supplies made as per the quantity ordered 
50% of the companies contacted indicated that it ships 100% of the total order 
in the initial shipment itself. However, the remaining 50% of the cases the initial 
shipment carry 95-99% of the total order. 
c) % of supply on desired quality 
All the companies responded that it delivers at 100% desired quality level, and 
also the companies reported that before dispatching the goods they do a thorough 
quality check and ensure that the finished goods matches the desired quality. 
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4. Assets metrics 
a) Inventory holding 
In 50% of the cases, raw material inventories are held for 15-21 days. In 
general, work in progress inventories are held for 2-6 days in 75% of the cases. Work in 
progress is high in case of industrial electronics and components segment, which is to 
the tune of around 10-12 days. However, finished goods inventories, in most of the 
cases (50%) in less than a lOdays and for others it varies from 12days to 25days thus 
inventory management is a critical area in the industry. 
b) Inventory turnover 
Another important parameter that determines the efficiency of the supply chain 
is the inventory turnover. Inventory tumover of 50% of the companies is in the range of 
around 10-12 turns followed by 16-24 turns for rest of the companies. Inventory 
tumover is high in the case of industrial electronics segment. For, instance, sources 
from Siemens ltd indicated that their inventory turns around 24 times a year, where as 
in BEL it is only 6-9 turns. 
In the global electronics industry, both large and small companies seem to have 
an advantage over medium sized companies on all metrics. This probably indicates that 
in the electronics industry, companies achieve better economics of scale by becoming a 
large company or focus on a niche market - and staying relatively small. 
In the case of cycle dme metrics, there is ample scope for reducing the cash to 
cash cycle fime. The difference between a best in class figure (which stands of around 
10 days) and industry average (seem to be around 55 days) is quite significant. In South 
East Asia best in class figures stands at around - 2 days for cash to cash cycle fime 
(Source : Supply chain management Bench marking Forum 2002). In contrast, globally 
best in class companies enjoy cash to cash cycle fimes almost 3 times shorter than 
average companies (33 days Vs 97 days) (Source : PRTM global management 
consultants). 
Total supply chain cost is one of the most important areas where there is definite 
scope for improvement. 
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D. Interpretation of performance nrietrics of white goods 
Table 4.16 Best in class vs industry average-sum up (white goods) 
SI. 
No 
A. 
1. 
2. 
3. 
4. 
5. 
6. 
B 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
C. 
17. 
18. 
19. 
D. 
20. 
21. 
22. 
23. 
Metrics 
Cycle time metrics (Days) 
Procurement time 
Production cycle time 
Delivery time 
Total cycle time 
Cash to cash time 
Supply chain flexibility (%) 
Cost-metrics 
Total supply chain cost (% of sales) 
In-bound transportation cost 
(%ofTSCC) 
Out-bound transportation cost 
(%ofTSCC) 
Warehousing cost (% of TSCC) 
Inventory carrying cost (% of TSCC) 
Cost of transit losses (% of TSCC) 
Cost of damages (% of TSCC) 
Other cost (Insurance, International Freight & 
Clearance) (% of TSCC) 
Return Inventory cost 
Return Processing cost 
Quality Metrics 
% of on-time deliveries 
% of supplies made as per the Quantity ordered 
% of supply on desired quality 
Assets Metrics 
Raw Material Inventory holding 
Work in Progress Inventory holding 
Finished Goods Inventory holding 
Inventory turnover (No. of turns) 
Best in 
Class 
3 
3 
3 
10 
7 
20 
2 
13 
15 
6 
4 
2 
1.5 
0.2 
1 
2 
100 
100 
100 
7 
3 
3 
30 
Industry 
Average 
15 
10 
25 
33 
37 
9 
8 
21 
31 
9 
12 
3 
4 
6 
2 
3 
92 
94 
96 
18 
7 
16 
19 
15 
1. Cycle time metrics 
a. Procurement time 
Around 50% of them revealed that the procurement time is usually 3-10 days, 
followed by 50% indicating that it ranges between 14 & 45 days. For companies like 
Carrier Aircon ltd and Electrolux India ltd, procurement time is as low as less than 3 
days. 
b. Production cycle time 
It was found that production cycle time of over 70% of the companies ranges 
between 3-6 days while that of about 30% of the companies is between 8 and 45 days. 
2. Delivery time 
Over 60% of them revealed that the delivery time is usually between 3-6 days 
and it is between 7-14 days for around 30% of the companies. 
a. Total cycle time 
Interesting total cycle time seems to vary significantly across companies 
contacted; only about 12% of the companies have a cycle time of 10 days or less. For 
around 50% of the companies it is around 14-50 days, while for the rest of the 
companies, it ranges between 60 and 90 days. 
b. Cash to cash cycle time 
Cash-to-cash cycle time of around 25% of the companies contacted seems to be 
in the range of 7-18 days. However, around 25% of the companies reported that their 
cash-to-cash cycle time is over 50 days. 
f. Supply chain flexibility (%) 
About 70% of the companies revealed that they could meet 10% and above of 
the demand surge when there is an unexpected increase in demand. 
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2. Cost metrics 
a. Total supply chain cost (% of sales) 
The supply chain cost of over 50% of the companies contacted seems to around 
3-8% but for around 40% percent of the companies total supply chain cost seems to be 
above 10%. 
Out-bound transportation cost (34%) is more than in bound transportation cost 
(26%) further more, other costs such as insurance, international freight and clearance 
account for around 8% of the total supply chain cost. 
3. Service quality metrics 
a. % of on time deliveries 
Around 20% of them revealed that every time they deliver the goods to their 
customers by the promised time is 99-100% on time delivery. However, for around 
80% of the companies on time delivery seems to be happening 94-99% of the times. 
Percentage of on time deliveries seems to be 100% in the case of Godrej appliances 
ltd., National Air conditioners India and Power control appliances Co., 
b. % of supplies made as per the quantity ordered 
Around 25% of the companies contacted indicated that it ships 100% of the 
total order in the initial shipment itself. However, 75% of the cases, the initial 
shipment carry 95-99% of the total order. 
c. % of supply on desired quality 
About 60% of the companies responded that it delivers at 99-100% desired 
quality level. Most of the companies reported that before dispatching the goods they do 
a thorough quality check and ensure that the finished goods match the desired quality. 
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4. Assets metrics 
a. Inventory holding (RM, WIP and FG inventory) 
In 50% of the cases, raw material inventories are held for 4-14 days. In general, 
work in progress inventories are held for 1-7 days in 80% of the cases. However, 
finished goods in inventories, in most of the cases (50%) are less than 7 days and for 
others it ranges from 21-40days. 
b. Inventory turnover 
Inventory turnover of 25% of the companies is in the range of around 12-14 
turns followed by 16-20 turns for 50% of the companies. For instance, sources from 
Carrier Aircon ltd and Electrolux India ltd indicated that their Inventory turns are more 
than 30 times a year. 
The price and brand-sensitive Indian consumer durable industries is largely 
characterized and are under constant pressure making it difficult to manage costs and 
respond quickly to changes across the extended supply chain. Inventory management, 
delivery schedules. Vendor managed inventory (VMI) programs, service and quality 
related issues, manufacturing cycle times are considered as key areas. It is apparent 
from the above findings Indian consumer, durable industry has a long way to go before 
they can achieve world-class excellence in the supply chain management. 
E. Interpretation of performance metrics of Engineering 
Table 4.17 Best in class vs industry average-sum up (Engineering) 
SI. 
No 
A. 
1. 
2. 
3. 
4. 
5. 
6. 
B 
7. 
Metrics 
Cycle time metrics (Days) 
Procurement time 
Production cycle time 
Delivery time 
Total cycle time 
Cash to cash rime 
Supply chain flexibility (%) 
Cost-metrics 
Total supply chain cost (% of sales) 
Best in 
Class 
5 
3 
3 
10 
18 . 
30 
2 
Industry 
Average 
22 
25 
8 
52 
59 
11 
7 
18 
SI. 
No 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
C. 
17. 
18. 
19. 
D. 
20. 
21. 
22. 
23. 
Metrics 
In-bound transportation cost 
(%ofTSCC) 
Out-bound transportation cost 
(%ofTSCC) 
Warehousing cost (% of TSCC) 
Inventory carrying cost (% of TSCC) 
Cost of transit losses (% of TSCC) 
Cost of damages (% of TSCC) 
Other cost (Insurance, Freight & Clearance) (% 
of TSCC) 
Return Inventory cost 
Return Processing cost 
Quality Metrics 
% of on-time deliveries 
% of supplies made as per the quantity ordered 
% of supply on desired quality 
Assets Metrics 
Raw Material Inventory holding 
Work in Progress Inventory holding 
Finished Goods Inventory holding 
Inventory turnover (No. of turns) 
Best in 
Class 
16 
21 
5 
12 
0 
0.5 
1 
0 
0 
100 
100 
100 
3 
3 
3 
30 
Industry 
Average 
33 
32 
6.5 
19 
0.12 
1.0 
3.5 
2 
0.5 
90 
94 
98 
23 
17.5 
7.5 
18 
1) Cycle time metrics 
a) Procurement time 
Of the companies contacted, over 50% of them revealed that the procurement 
time is usually between 5 & 15 days. However for some companies (25%) the 
procurement time is more than 30 days. For companies like Fuller India ltd and 
Greaves ltd., procurement time is as low as 5 days. 
b) Production cycle time 
It was found that over 25% of the companies' production cycle time is between 
3-16 days, followed by 20% of the companies indicating over 25 days. 
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c) Delivery Time 
Of the companies contacted, close to 70% of them revealed that the delivery 
time is usually between 3-8 days and it is between 10-14 days for around 30% of the 
companies. 
d) Total cycle time 
For around 30% of the companies total cycle time seems to be more than 
75 days. However for some companies (20%), it is between 10 and 24 days. The 
Industry overseas of total cycle time seems to be around 60 days. 
e) Cash to cash cycle time 
Cash to cash cycle time of around 50% of the companies contacted seems to be 
in the range of 61-90 days. However, around 25% of the companies reported that their 
cash to cash cycle time is in the range of 18-32 days. 
f) Supply chain Flexibility 
About 50% of the companies revealed that could meet up to 10% of the 
demand surge when there is an unexpected increase in demand. Whereas others could 
meet above 10% of upsurge demand. 
2) Cost metrics 
a) Total supply chain cost (% of sales) 
The supply chain cost of over 70% of the companies contacted seems to be 
around 6-8% but for 30% of the companies total supply chain cost seems to be around 
2-5%. 
Compared to in-bound transportation cost (36%), the out-bound transportation 
cost is lower (33%) on average value. 
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3) Service quality metrics 
a) % of on time deliveries 
Only around 6% of them revealed that every time they deliver the goods to 
their customers by the promised time, ie., 100% on time delivery. However, for around 
25% of the companies on time delivery seems to be happening 95% of the times. 
b) % of suppliers made as per the quantity ordered 
Around 50% of the companies contacted indicated that it ships 100% of the 
total order in the initial shipment itself. However, the remaining 50% of the cases, the 
initial shipment carry 90-99% of the total order. 
c) % of supply of desired quality 
About 60% of the companies' respondent that it delivers at 99-100% desired 
quality level. Most of the companies reported that before dispatching the goods they do 
a thorough quality check and ensure that the finished goods match the desired quality. 
4) Assets metrics 
a) Inventory holding (RM, WIP and FG inventory) 
In 40% of the cases, raw material inventories are held for 3-10 days on the 
other hand, work in progress inventory are held for 3-14 days in 40% of the cases. 
However, finished goods inventories, in 50% of the cases is in the range of 3-7 days. 
The inventory levels particularly high in the case of heavy engineering 
companies since there is high dependence on raw material imports resulting in high 
inventory carrying costs. 
b) Inventory turnover 
Inventory turnover of 50% of the companies is in the range of around 5-12 
turns followed by 15-30 turns for 50% of the companies. For instance, sources from 
Bharat Forging Ltd. indicate that their inventory turns are more than 30 times a year. 
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Indian engineering industry is a highly capital intensive and cyclical industry 
dependent on the performance of sectors like automotive, power, cement and other 
industrial sectors. The procurement and the distribution channel in the engineering 
industry are pretty simple as it doesn't include too many intermediaries. Purchase of 
heavy engineering goods is a high value affair and thus the involvement of buying 
center" member is significantly high. 
The services in this industry are primarily determined by the ability to obtain 
contracts and execute them on time, which requires efficient management of supply 
chain processes. 
The performance metrics like cycle time, cost, service / quality and Assets -
metrics are compared within the segment and between the segments. For this industry 
average values are considered. 
1) Within the industry: (i) cycle time metrics 
a. Procurement time 
Procurement time in auto segment and white goods segment are lower than 
electronics and engineering. 
b. Production cycle time 
Production cycle time for electronics auto & ancillary and white goods segment 
are 1/4" compared to engineering segment. 
c. Delivery time 
Delivery time for electronics and white goods segment is less compared to auto 
and ancillary engineering segment. 
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Table 4.18 Summary of Supply Chain performance measurements in FMCG 
and Manufacturing industries 
SI. 
No 
A. 
1. 
2. 
3. 
4. 
5. 
6. 
B 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
C. 
17. 
18. 
19. 
D. 
20. 
21. 
22. 
23. 
Metrics 
Cycle time metrics (Days) 
Procurement time 
Production cycle time 
Delivery time 
Total cycle time 
Cash to cash time 
Supply chain flexibility (%) 
Cost-metrics 
Total supply chain cost (% of sales) 
In-bound transportation cost 
(%ofTSCC) 
Out-bound transportation cost 
(%ofTSCC) 
Warehousing cost (% of TSCC) 
Inventory carrying cost (% of 
TSCC) 
Cost of transit losses (% of TSCC) 
Cost of damages (% of TSCC) 
Other cost (Insurance, International 
Freight & Clearance) (% of TSCC) 
Return Inventory cost 
Return Processing cost 
Quality Metrics 
% of on-time deliveries 
% of supplies made as per the 
Quantity ordered 
% of supply on desired quality 
Assets Metrics 
Raw Material Inventory holding 
Work in Progress Inventory 
holding 
Finished Goods Inventory holding 
Inventory turnover (No. of turns) 
Industry Average 
FMCG 
18 
13 
7 
41 
35 
15 
6.5 
22 
36 
16 
15 
3 
5 
8 
2 
0 
97 
98 
98 
16 
6.5 
15.5 
19 
Auto 
20 
9 
7 
40 
64 
15 
7.0 
24 
25 
13 
12 
5 
5 
5 
4 
4 
94 
97 
97 
19 
7 
11 
18 
Elect 
21 
10 
6 
54.5 
60 
10 
6 
22 
31.5 
10 
18 
3 
4 
8 
2.5 
2 
95 
98 
100 
22 
6.0 
12 
15 
White 
Good 
15 
10 
25 
33 
37 
9 
8 
21 
31 
9 
12 
3 
4 
6 
2 
3 
92 
94 
96 
18 
7 
16 
19 
Engg 
22 
25 
8 
52 
59 
11 
7 
33 
32 
6.5 
19 
0.12 
1.0 
3.5 
2 
0.5 
90 
94 
98 
23 
17.5 
7.5 
18 
d. Cash to cash cycle time 
White goods segment is much lower than the other 3 segments is electronics, 
auto and auto ancillary and engineering. 
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e. Supply chain flexibility (%) 
Supply chain flexibility varies 0-10% for electronics, auto and ancillary and 
engineering compared to white goods segment (8%) 
2) Total supply chain cost (% of sales) 
Total supply chain lost is less for electronics, auto and ancillary and engineering 
(7%) as compared to white goods segment (8%). 
In bound transportation cost, inventory carrying costs are high for engineering 
compared to other segments in manufacturing. 
Out-bound transportation cost, warehousing cost are more for electronics and 
white goods segment compared to auto & ancillary and engineering industry transit 
losses, cost of damages and insurance freight clearance cost are high for electronics, 
auto & ancillary and white goods segment compared to engineering segment. 
3) Quality metrics 
a. % of on-time deliveries 
Study revealed that engineering segment (88%) is poor compared other segment 
of industries (93%) is manufacturing. 
b. % of supplies made as per the quantity, ordered 
The performances of all segments under this metric are comparable on par. 
There is no significant difference among the segments. 
c. % of supply on desired quality 
Electronics segment is better in this measurement (100%) compared to other 3 
segments (98-99%). 
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4) Assets metrics 
a. Inventory holding (RM, WIP, FG) 
Raw materials holding in electronics and engineering industries are more 
compared to other two segments. 
Work-in-progress inventory in engineering industry is much more than (19%) 
the other 3 segments (4-67%). Finished goods inventory in engineering industry is 
less (7%), compared to electronics, auto and ancillary and white goods industry (11-
14%). 
b. Inventory turnover (No of turns) 
Auto and ancillary and white goods are performing better (18-19%) compared 
to electronics and engineering industry (17%). 
(ii) Between manufacturing and FMCG industry 
1. Cycle time metrics (days) 
a. Production cycle, total cycle time and cash to cash cycle time are more in the 
case of manufacturing than FMCG. 
b. Supply chain flexibility (%) is better for FMCG (15%) than manufacturing 
(9%). 
2. Cost metrics 
a. Total supply chain cost is marginally more for manufacturing than FMCG 
b. In-bound transportation is more for manufacturing (29%) than FMCG (37%). 
c. Out-bound transportation cost, warehousing cost, cost of damages, insurance, 
freight and clearance costs etc are higher for FMCG than manufacturing. 
3. Service quality metrics 
a. % of on-time deliveries and % of supplies as per the qty ordered are lower 
for manufacturing than FMCG. 
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Assets metrics (days) 
a. Raw material inventory holding and work-in-progress inventory holding are 
more for manufacturing than FMCG. 
4.4 ANALYSIS INTERPRETATION OF T-TEST STATISTICS 
(Independent Samples) 
T-Test (2 tailed) 
T-test was used for testing the significance difference in the mean values 
between the FMCG and manufacturing groups. Null hypothesis were tested at 5% 
significance level (95% confidence level). The metrics of significance and non-
significance between the FMCG and manufacturing groups were computed. 
4.4.1 ANALYSIS OF T-TEST RESULTS (Independent samples) 
Independent sample T-test was used to investigate the differences in means 
between companies belonging to FMCG and manufacturing groups on each of the 
metrics the summary results for the same are presented. 
1. Cycle time metrics 
The significance value is less than 0.05 for cash-to-cash cycle time and 
supply chain flexibility metrics. So we reject the null hypothesis for these cycle time 
metrics and conclude that there is a significant difference in the mean for these items. 
For example, as for as cash-to-cash cycle time is concerned, the manufacturing sector 
has a higher mean (54.42) than the FMCG sector. Similarly for supply chain 
flexibility, the FMCG sector has a higher mean (14.95) than the FMCG sector. For 
all other metrics under cycle time, there is no significant different in the mean values 
between manufacturing and FMCG group (Table 4.19) 
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Table 4.19 No significant difference in the mean of cycle time metrics 
Metrics 
Procurement Cycle (No. of Days) 
Production Cycle time (No. of Days) 
Delivery Time (No. of Days) 
Total cycle time (No. of Days) 
Cash-to-Cash Cycle time (No. of Days) 
Supply chain Flexibility % 
Nature of 
business 
Manufacturing 
FMCG 
Manufacturing 
FMCG 
Manufacturing 
FMCG 
Manufacturing 
FMCG 
Manufacturing 
FMCG 
Manufacturing 
FMCG 
N 
68 
20 
68 
20 
68 
20 
68 
20 
68 
20 
68 
20 
Mean 
19.29 
18.00 
13.61 
12.95 
7.22 
7.05 
43 79 
41.05 
54.42 * 
35.10 
11.45 
14.95 * 
Std. 
Deviation 
14.42 
13.97 
13.50 
13.12 
3.23 
2.76 
28.86 
22.37 
27.41 
22.51 
6.26 
7.96 
* There is a significant difference in the mean for these metrics. 
Independent Samples Test 
Metrics 
Procurement Cycle (No. of Days) 
Production Cycle time (No. of Days) 
Delivery Time (No. of Days) 
Total cycle time (No. of Days) 
Cash-to-Cash Cycle time (No. of Days) 
Supply chain Flexibility % 
t 
.35 
.19 
.21 
.39 
2.87 
-2.05 
df 
86 
86 
86 
86 
86 
86 
Sig.(2-tailed) 
.72 
.84 
.83 
.69 
.00* 
.04* 
* The significance value is less than 0.05 for cash to cash cycle time and supply 
chain flexibility. 
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2. Cost metrics 
The significance value is less than 0.05 for out-bound transportation, ware 
housing cost, cost of damages, other costs, return inventory cost and return 
processing cost so we reject the null hypothesis for these costs and conclude that 
there is a significant difference in the mean for these items. For example, as for as 
return inventory cost is concerned, the manufacturing sector has a higher mean (2.69) 
than the FMCG sector. Similarly for out-bound transportation cost, FMCG has a 
higher mean (36.00) than the manufacturing, ware - housing FMCG has a higher 
mean (15.95) than the manufacturing, cost of damages, FMCG has a higher mean 
(5.05) than the manufacturing group, other costs, FMCG has a higher mean (8.00) 
than the manufacturing and return processing cost, manufacturing has a mean of 2.50 
where as FMCG sector has a mean of zero, ie., no return processing cost involved in 
the FMCTG sector. (Table 4.20) 
Table 4.20 No significant difference in the mean of cost metrics 
Metrics 
Total Supply chain cost ( % of sales) 
In-bound transportation cost ( % 
TSCC) 
Out-bound transportation cost ( % of 
TSCC) 
Ware-housing Cost (% of TSCC) 
Inventory carrying Cost- (% of 
TSCC) 
Nature of 
business 
Manufacturing 
FMCG 
Manufacturing 
FMCG 
Manufacturing 
FMCG 
Manufacturing 
FMCG 
Manufacturing 
FMCG 
N 
68 
20 
68 
20 
68 
20 
68 
20 
68 
20 
Mean 
7.10 
6.50 
25.11 
22.00 
29.67 
36.00 * 
9.66 
15.95 * 
14.73 
15.00 
Std. 
Deviation 
3.41 
3.00 
7.58 
3.32 
5.44 
4.25 
3.50 
4.63 
5.05 
3.64 
128 
Metrics 
Cost of transit losses ( % of TSCC) 
Cost of damages ( % of TSCC) 
Other Costs (Insu, freight, clea) 
(% of TSCC) 
Return Inventory Cost 
Return Processing Cost 
Nature of 
business 
Manufacturing 
FMCG 
Manufacturing 
FMCG 
Manufacturing 
FMCG 
Manufacturing 
FMCG 
Manufacturing 
FMCG 
N 
68 
20 
68 
20 
68 
20 
68 
20 
68 
20 
Mean 
2.88 
3.07 
3.56 
5.05* 
5.52 
8.00* 
2.69* 
2.00 
2.50* 
.0000 
Std. 
Deviation 
2.04 
1.55 
1.83 
2.32 
2.62 
2.47 
1.38 
.97 
1.59 
.00 
* There is a significant difference in the mean for these metrics. 
Independent samples test 
Metrics 
Total Supply chain cost ( % of sales) 
In-bound transportation cost ( % TSCC) 
Out-bound transportation cost ( % of TSCC) 
Ware-housing Cost ( % of TSCC) 
Inventory carrying Cost- ( % of TSCC) 
Cost of transit losses ( % of TSCC) 
Cost of damages ( % of TSCC) 
Other Costs (Insurance, freight, clearance) 
(% of TSCC) 
Return Inventory Cost 
Return Processing Cost 
t 
.71 
1.78 
-4.77 
-6.53 
-.21 
-.38 
-2.98 
-3.74 
2.08 
7.01 
df 
86 
86 
86 
86 
86 
86 
86 
86 
86 
86 
Sig (2-tailed) 
.47 
.07 
.00* 
.00* 
.82 
.69 
.00* 
.00* 
.04* 
.00* 
* The significance value is less than 0.05 for Out-bound transportation cost, Ware-
housing Cost, Cost of damages. Other Costs (Insurance, freight, and clearance). 
Return Inventory Cost and Return Processing Cost. 
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3. Quality metrics 
The significance value is less than 0.05 for % of on-time deliveries and % of 
supply made so we reject the null hypothesis for these costs and conclude that there 
is a significant difference in the mean for these items. For example, as for as % of on 
time deliveries is concerned the FMCG sector has a higher mean (97.00) than the 
manufacturing sector. % of supply made as per the qty. ordered also FMCG has a 
higher mean (97.95) than the manufacturing sector. (Table 4.21) 
Table 4.21 No significant difference in the mean of quality metrics 
Metrics 
% of on-Time deliveries 
% of supply made ass per the quantity 
ordered 
% of supply on desired quality 
Nature of 
business 
Manufacturing 
FMCG 
Manufacturing 
FMCG 
Manufacturing 
FMCG 
N 
68 
20 
68 
20 
68 
20 
Mean 
92.60 
97.00 * 
95.48 
97.95 * 
97.48 
97.95 
Std. 
Deviation 
5.78 
3.06 
4.57 
2.08 
3.36 
1.82 
* There is a significant difference in the mean for these metrics. 
Independent Samples Test 
Metrics 
% of on-Time deliveries 
% of supply made ass per the quantity 
ordered 
% of supply on desired quality 
t 
-3.25 
-2.32 
-.592 
df 
86 
86 
86 
Sig. (2-tailed) 
.00* 
.02* 
.55 
* The significance value is less than 0.05 for % of on-Time deliveries and % of 
supply made ass per the quantity ordered. 
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4. Assets metrics 
The significance value is greater than 0.05 for all and so we accept the null 
hypothesis. Raw Material inventory holding, Work in Progress inventory holding, 
Finished Goods inventory holding and inventory turnover, these is no significant 
difference in the mean of Assets metrics. (Table 4.22) 
Table 4.22 No signiflcant difference in ttie mean of Assets metrics 
Metrics 
Raw Material inventory holding (Days) 
Work in progress inventory holding 
(Days) 
Finished goods inventory holding (Days) 
Inventory Turnover (Turns) No. of times 
Nature of 
business 
Manufacturing 
FMCG 
Manufacturing 
FMCG 
Manufacturing 
FMCG 
Manufacturing 
FMCG 
N 
68 
20 
68 
20 
68 
20 
68 
20 
Mean 
20.29 
16.00 
9.45 
6.55 
11.66 
15.50 
17.77 
18.95 
Std. 
Deviation 
11.43 
9.89 
8.18 
5.47 
9.02 
10.80 
6.58 
5.89 
Independent Samples Test 
Metrics 
Raw Material inventory holding (Days) 
Work in progress inventory holding (Days) 
Finished goods inventory holding (Days) 
Inventory Turnover (Turns) No. of times 
t 
1.51 
1.49 
-1.59 
-.715 
df 
86 
86 
86 
86 
Sig. (2-tailed) 
.13 
.14 
.11 
.47 
5. Logistics cost 
The significance value is greater than 0.05 and so we accept the null 
hypothesis, i.e no significant difference in the mean of logistics cost between 
manufacturing and FMCG sector. (Table 4.23) 
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Table 4.23 No significant difference in the mean of logistics cost 
Metric 
Logistics Cost 
Nature of business 
Manufacturing 
FMCG 
N 
68 
20 
Mean 
54.79 
58.00 
Std. Deviation 
9.92 
3.56 
Independent Samples Test 
Metric 
Logistics Cost 
t 
-L41 
df 
86 
Sig. (2-tailed) 
.16 
TESTING OF NULL HYPOTHESIS OF T-TEST (independent samples) 
Independent samples T-test was used to test the null hypothesis of the 
significant difference in the mean values of metrics between FMCG and 
manufacturing companies. The following null hypotheses were rejected using T-test. 
Hosf : There are no significant differences in the mean of cash-to-cash time 
between FMCG and manufacturing groups. 
Ho6f: There are no significant differences in the mean of supply chain fiexibility 
(%) between FMCG and manufacturing groups. 
Hoiof : There are no significant differences in the mean of ware-housing 
transportation cost (% TSCC) between FMCG and manufacturing groups. 
Hoi3f : There are no significant differences in the mean of cost of damages (% 
TSCC) between FMCG and manufacturing groups. 
Hoi4f : There are no significant differences in the mean of other costs (% TSCC) 
between FMCG and manufacturing groups. 
Hoisf: There are no significant differences in the mean of return Inventory costs 
between FMCG and manufacturing groups. 
Hoi6f: There are no significant differences in the mean of return processing cost 
between FMCG and manufacturing groups. 
Hoi7f: There are no significant differences in the mean of% of on-time deliveries 
between FMCG and manufacturing groups. 
Hoisf: There are no significant differences in the mean of% of supply made as per 
the quantity ordered between FMCG and manufacturing groups. 
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4.4.2 Interpretation of T-test results 
1. Cycle time metrics 
From the Table 4.19 it is amply clear that significance difference exist 
between the companies belonging to FMCG and manufacturing groups, as for cash-
to-cash cycle time and supply chain flexibility metrics are concerned and concluded 
that in cash-to-cash cycle time manufacturing group faired comparatively better than 
FMCG. Where as in supply chain flexibility metric is concerned, FMCG faired 
comparatively better than manufacturing. All other metrics, there is no significant 
differences exist between the companies belonging to FMCG and manufacturing. 
2. Cost metrics 
From the Table 4.20 it is amply clear that significance difference exist 
between the companies belonging to FMCG and manufacturing groups, as for out-
bound transportation cost, ware-housing cost, cost of damages, return inventory cost 
and return processing cost are concerned. In out-bound transportation cost, ware 
housing cost, and cost of damages, manufacturing group faired comparatively better 
than FMCG. Where as, in return inventory cost and return processing cost, FMCG 
group performed comparatively better than manufacturing segments. In all other 
metrics, there were no significant differences between the manufacturing as well as 
the FMCG. 
3. Quality metrics 
There is a significant difference as for % of on-time deliveries and % of 
supply made as per the qty. ordered metrics are concerned. In both the metrics, 
FMCG segment faired comparatively better than manufacturing segments. In other 
metric there was no significant difference between the manufacturing and FMCG 
segments. 
4. Assets metrics 
As for raw material inventory holding, work-in-progress inventory holding, 
finished goods inventory holding and inventory turnover metrics are concerned, there 
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were no significant differences between the FMCG and manufacturing segments. 
Thus, it may be stated that with regard to the Assets metrics, both the FMCG and 
manufacturing are performing at par. 
5. Logistics cost metrics 
As for logistics cost metric is concerned, there is no significant difference 
exist between the FMCG and manufacturing segments. Thus, it may state that with 
regard to logistics cost metric, both the FMCG and manufacturing are performing at 
par. 
The main highlights of the results presented in Table 4.24 are as under T-test 
results. 
1. No significant difference in the mean values of metrics between 
manufacturing and FMCG groups. 
(i) Procurement cycle time (ii) Production cycle time (iii) Delivery time (iv) 
Total cycle time (v) Total supply chain cost (% of sales) (vi) In-bound transportation 
cost (% of TSCC) (vii) Inventory carrying cost (viii) Cost of transit losses (ix) % of 
supply on desired quality (x) Raw Material Inventory holding (xi) Work in Progress 
Inventory holding (xii) Finished Goods Inventory holding (xiii) Inventory turnover 
(xiv) logistics cost (In-bound + Out-bound). 
2. However, significant differences in the mean values of following metrics 
were observed (Between manufacturing and FMCG groups). 
(i) Cash-to-cash cycle time (ii) Supply chain flexibility (%) (iii) Out-bound 
transportation cost (iv) Ware-housing cost (v) Cost of damages (vi) Other costs 
(Insurance, Freight, Clearance) (vii) Return Inventory cost (viii) Return processing 
cost (ix) % of on-time deliveries (x) % of supply as per the Quantity, ordered. 
Table 4.24 T-test (Independent samples) results 
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Metrics 
Procurement cycle time (No. of days) 
Production cycle time (No. of days) 
Delivery Time 
Total cycle time 
Cash-to-Cash cycle time 
Supply chain flexibility (%) 
Total supply chain cost (% of sales) 
In-bound transportation (% of TSCC) 
Out-bound transportation (% of TSCC) 
Ware-housing cost (% of TSCC) 
Inventory carrying cost (% of TSCC) 
Cost of transit losses (% of TSCC) 
Cost of damages (% of TSCC) 
Other costs (Insurance, freight & 
clearance) 
Return Inventory cost 
Return processing cost 
% of on-time deliveries 
% of supply made as per the quantity 
ordered 
% of supply on desired quality 
Raw Material Inventory holding (days) 
Work in Progress Inventory holding 
Finished Goods Inventory holding 
Inventory Turnover (No. of turns) 
Logistics cost: (% of TSCC) 
t 
0.35 
0.19 
0.21 
0.39 
2.87 
-2.05 
0.712 
1.782 
-4.77 
-6.53 
-0.21 
-0.38 
-2.98 
-3.74 
2.082 
7.016 
-3.25 
-2.32 
-0.59 
1.51 
1.49 
-1.59 
-0.71 
-1.41 
df 
86 
86 
86 
86 
86 
86 
86 
86 
86 
86 
86 
86 
86 
86 
86 
86 
86 
86 
86 
86 
86 
86 
86 
86 
Sig. 
(2 tailed) 
0.72 
0.84 
0.83 
0.69 
0.00 
0.04 
0.47 
0.07 
0.00 
0.00 
0.82 
0.69 
0.00 
0.00 
0.04 
0.00 
0.00 
0.02 
0.55 
0.13 
0.14 
0.11 
0.47 
0.16 
Remarks 
NS* 
NS 
NS 
NS 
S* 
s 
NS 
NS 
S 
s 
NS 
NS 
s 
s 
s 
s 
s 
s 
NS 
NS 
NS 
NS 
NS 
NS 
*NS - Non-significant 
*S - Significant 
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4.5 ANALYSIS AND INTERPRETATION OF F-TEST (ANOVA)-Results 
F-test (ANOVA) - one way 
F-test procedure was applied for testing the significance difference in the 
mean values of metrics between manufacturing groups. Null hypothesis were tested 
at 5% significance level. 
4.5.1 Analysis of F-test (Anova) 
1. Cycle time metrics 
The F-value is 6.986 and the significance value is less than 0.05 for 
production cycle time so we reject the null hypothesis for these cycle time metrics 
and conclude that there is a significant difference in the mean for these items. For 
example, as for production cycle time is concerned the engineering segment has a 
higher mean (256.11) that the other manufacturing segments. Similarly, cash-to-cash 
cycle time, auto and components segment has a higher mean (63.75) than the other 
manufacturing segments. Supply chain flexibility (%), auto & auto components have 
a higher mean (15) than the other segments. All other metrics under cycle time no 
significance difference in the mean values. (Table 4.25) 
Table 4.25 Mean values of cycle time metrics 
Metrics 
Procurement 
Cycle (No. of 
Days) 
Production 
Cycle time 
(No. of Days) 
Segment 
Auto & Auto 
Components 
Electronics 
White goods 
Engineering 
Total 
Auto & Auto 
Components 
Electronics 
N 
20 
12 
19 
17 
68 
20 
12 
Mean 
20.00 
21.00 
15.00 
22.05 
19.29 
9.05 
10.25 
Std. 
Deviation 
16.32 
13.09 
11.70 
15.80 
14.42 
10.17 
7.47 
Minimum 
3.00 
7.00 
3.00 
5.00 
3.00 
2.00 
3.00 
Maximum 
56.00 
45.00 
45.00 
56.00 
56.00 
45.00 
30.00 
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Metrics 
Delivery Time 
(No. of Days) 
Total cycle 
time (No. of 
Days) 
Cash-to-Cash 
Cycle time 
(No. of Days) 
Supply chain 
Flexibility % 
Segment 
White goods 
Engineering 
Total 
Auto & Auto 
Components 
Electronics 
White goods 
Engineering 
Total 
Auto & Auto 
Components 
Electronics 
White goods 
Engineering 
Total 
Auto & Auto 
Components 
Electronics 
White goods 
Engineering 
Total 
Auto & Auto 
Components 
Electronics 
White goods 
Engineering 
Total 
N 
19 
17 
68 
20 
12 
19 
17 
68 
20 
12 
19 
17 
68 
20 
12 
19 
17 
68 
20 
12 
19 
17 
68 
Mean 
10.26 
25.11 * 
13.61 
7.30 
6.08 
7.00 
8.17 
7.22 
40.40 
54.58 
33.00 
52.23 
43.79 
63.75 * 
60.00 
37.00 
59.00 
54.42 
15.00 * 
10.00 
9.00 
11.05 
11.45 
Std. 
Deviation 
11.59 
16.20 
13.50 
3.55 
2.42 
3.16 
3.39 
3.23 
25.51 
34.07 
23.76 
31.09 
28.86 
23.45 
33.23 
19.84 
27.87 
27.41 
6.43 
4.76 
3.44 
7.85 
6.26 
Minimum 
3.00 
3.00 
2.00 
3.00 
3.00 
3.00 
3.00 
3.00 
8.00 
10.00 
8.00 
10.00 
8.00 
16.00 
30.00 
7.00 
18.00 
7.00 
6.00 
5.00 
5.00 
4.00 
4.00 
Maximum 
45.00 
60.00 
60.00 
16.00 
10.00 
14.00 
14.00 
16.00 
104.00 
110.00 
90.00 
96.00 
110.00 
96.00 
120.00 
72.00 
106.00 
120.00 
28.00 
20.00 
15.00 
30.00 
30.00 
Higher mean values for these metrics within manufacturing segment. 
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Metrics 
Procurement 
Cycle (No. of 
Days) 
Production Cycle 
time (No. of Days) 
Delivery Time 
(No. of Days) 
Total cycle time 
(No. of Days) 
Cash-to-Cash 
Cycle time (No. of 
Days) 
Supply chain 
Flexibility % 
* The significance \ 
Segment 
Between 
Groups 
Within Groups 
Total 
Between 
Groups 
Within Groups 
Total 
Between 
Groups 
Within Groups 
Total 
Between 
Groups 
Within Groups 
Total 
Between 
Groups 
Within Groups 
Total 
Between 
Groups 
Within Groups 
Total 
'alue is less than 
Sum of 
Squares 
525.17 
13410.94 
13936.11 
3015.41 
9208.64 
12224.05 
32.10 
669.58 
701.69 
5052.34 
50776.77 
55829.11 
8236.88 
42129.75 
50366.63 
393.92 
2236.94 
2630.86 
0.05 for pre 
df 
3 
64 
67 
3 
64 
67 
3 
64 
67 
3 
64 
67 
3 
64 
67 
3 
64 
67 
)ductioi 
Mean 
Square 
175.05 
209.54 
1005.13 
143.88 
10.70 
10.46 
1684.11 
793.38 
2745.62 
658.27 
131.30 
34.95 
1 cycle, cas 
F-
value 
.83 
6.98 
1.02 
2.12 
4.17 
3.75 
h to cas 
Sig. 
.47 
.00* 
.38 
.10 
.00* 
.01* 
1 cycle 
time and supply chain flexibility metrics. 
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2. Cost metrics 
The F-value is 14.02 and the significance value is less than 0.05 for in-bound 
transportation cost so we reject the null hypothesis for these cost metrics and 
conclude that there is a significant difference in the mean for these items. For 
example. As for in-bound transportation cost is concerned, the engineering segment 
has a higher mean (33.05) than the other manufacturing segments. Similarly, out-
bound transportation cost, engineering segment has a higher mean (32.0) than the 
other manufacturing segments. Ware-housing cost, auto & components have a higher 
mean (12.65) than the other manufacturing segments. Inventory carrying cost, 
engineering segment has a higher mean (1905) than the other manufacturing 
segments. Cost of transit losses. Auto & components segment has a higher mean 
(5.00) than the other manufacturing segments. Cost of damages auto & components 
segment has a higher mean (5.00) than the other manufacturing segments. Other 
costs, electronics segments have a higher mean (8.08) than the other manufacturing 
segments. Return inventory cost, auto & components segment has a higher mean 
(4.0) than the other manufacturing segments. Return processing cost, auto & 
components segment has a higher mean (4.0) than the other manufacturing segments. 
It is concluded that except the total supply chain cost (% of sales) all other costs, the 
mean values are significantly different. (Table 4.26) 
Table 4.26 Mean values of cost metrics 
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Metrics 
Total Supply 
chain cost ( % of 
sales) 
In-bound 
transportation 
cost ( % TSCC) 
Out-bound 
transportation 
cost (% of 
TSCC) 
Ware-housing 
Cost (% of 
TSCC) 
Inventory 
carrying Cost-
(% of TSCC) 
Cost of transit 
losses (% of 
TSCC) 
Segment 
Auto & Auto 
Components 
Electronics 
White goods 
Engineering 
Total 
Auto & Auto 
Components 
Electronics 
White goods 
Engineering 
Total 
Auto & Auto 
Components 
Electronics 
White goods 
Engineering 
Total 
Auto & Auto 
Components 
Electronics 
White goods 
Engineering 
Total 
Auto & Auto 
Components 
Electronics 
White goods 
Engineering 
Total 
Auto & Auto 
Components 
Electronics 
White goods 
N 
20 
12 
19 
17 
68 
20 
12 
19 
17 
68 
20 
12 
19 
17 
68 
20 
12 
19 
17 
68 
20 
12 
19 
17 
68 
20 
12 
19 
Mean 
6.85 
6.00 
8.10 
7.05 
7.10 
24.15 
22.00 
21.00 
33.05 * 
25.11 
25.35 
31.50 
31.00 
32.00 * 
29.67 
12.65 * 
10.08 
9.05 
6.52 
9.66 
11.50 
18.08 
12.15 
19.05 * 
14.73 
5.00* 
3.08 
3.00 
Std. 
Deviation 
3.31 
2.55 
4.40 
2.70 
3.41 
4.74 
4.51 
5.46 
8.42 
7.58 
3.61 
4.60 
5.87 
4.63 
5.44 
3.34 
3.47 
2.14 
1.54 
3.50 
2.03 
5.69 
3.83 
3.74 
5.05 
1.41 
.79 
.81 
Minimum 
3.00 
2.00 
3.00 
2.00 
2.00 
12.00 
12.00 
10.00 
16.00 
10.00 
14.00 
24.00 
20.00 
24.00 
14.00 
7.00 
5.00 
6.00 
4.00 
4.00 
8.00 
5.00 
4.00 
12.00 
4.00 
3.00 
2.00 
2.00 
Maximum 
14.00 
10.00 
18.00 
12.00 
18.00 
28.00 
28.00 
30.00 
44.00 
44.00 
28.00 
38.00 
40.00 
38.00 
40.00 
18.00 
18.00 
12.00 
9.00 
18.00 
14.00 
24.00 
18.00 
26.00 
26.00 
8.00 
4.00 
4.00 
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Metrics 
Cost of damages 
(%ofTSCC) 
Other Costs 
(Insurance, 
freight, 
clearance) 
(%ofTSCC) 
Return Inventory 
Cost 
Return 
Processing Cost 
Segment 
Engineering 
Total 
Auto & Auto 
Components 
Electronics 
White goods 
Engineering 
Total 
Auto & Auto 
Components 
Electronics 
White goods 
Engineering 
Total 
Auto & Auto 
Components 
Electronics 
White goods 
Engineering 
Total 
Auto & Auto 
Components 
Electronics 
White goods 
Engineering 
Total 
N 
17 
68 
20 
12 
19 
17 
68 
20 
12 
19 
17 
68 
20 
12 
19 
17 
68 
20 
12 
19 
17 
68 
Mean 
.11 
2.88 
5.00 
4.08 
4.00 
1.02 
3.56 
5.30 
8.08 
5.89 
3.58 
5.52 
4.00* 
2.50 
2.00 
2.05 
2.69 
4.00* 
2.00 
3.05 
.50 
2.50 
Std. 
Deviation 
.33 
2.04 
.85 
1.24 
1.33 
.544 
1.83 
.97 
3.42 
2.87 
1.12 
2.62 
.85 
1.31 
.81 
1.43 
1.38 
1.25 
1.02 
.52 
.30 
1.59 
Minimum 
.00 
.00 
4.00 
3.00 
2.00 
.00 
.00 
3.00 
1.00 
.50 
1.00 
.50 
3.00 
1.00 
1.00 
.00 
.00 
2.00 
.50 
2.00 
.00 
.00 
Maximum 
1.00 
8.00 
6.00 
6.00 
6.00 
2.00 
6.00 
6.00 
12.00 
10.00 
5.00 
12.00 
6.00 
6.00 
4.00 
4.00 
6.00 
6.00 
4.00 
4.00 
1.00 
6.00 
* Higher mean values for these metrics within manufacturing segment. 
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Metrics 
Total Supply chain cost (% of 
sales) 
In-bound transportation cost 
(% TSCC) 
Out-bound transportation cost 
(% of TSCC) 
Ware-housing Cost ( % of 
TSCC) 
Inventory carrying Cost-
(% of TSCC) 
Cost of transit losses (% of 
TSCC) 
Cost of damages (% of TSCC) 
Segment 
Between 
Groups 
Within 
Groups 
Total 
Between 
Groups 
Within 
Groups 
Total 
Between 
Groups 
Within 
Groups 
Total 
Between 
Groups 
Within 
Groups 
Total 
Between 
Groups 
Within 
Groups 
Total 
Between 
Groups 
Within 
Groups 
Total 
Between 
Groups 
Within 
Groups 
Total 
Sum of 
Squares 
34.99 
747.28 
782.27 
1529.56 
2327.49 
3857.05 
539.33 
1447.55 
1986.88 
354.57 
466.64 
821.22 
787.85 
925.38 
1713.23 
220.37 
58.68 
279.05 
157.30 
67.65 
224.95 
df 
3 
64 
67 
3 
64 
67 
3 
64 
67 
3 
64 
67 
3 
64 
67 
3 
64 
67 
3 
64 
67 
Mean 
Square 
11.66 
11.67 
509.85 
36.36 
179.77 
22.61 
118.19 
7.29 
262.61 
14.45 
73.45 
.91 
52.43 
1.05 
F 
.99 
14.02 
7.94 
16.21 
18.16 
80.11 
49.60 
Sig. 
.39 
.00* 
.00* 
.00* 
.00* 
.00* 
.00* 
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Metrics 
Other Costs (Insurance, 
freight, clearance) 
(%ofTSCC) 
Return Inventory Cost 
Return Processing Cost 
Segment 
Between 
Groups 
Within 
Groups 
Total 
Between 
Groups 
Within 
Groups 
Total 
Between 
Groups 
Within 
Groups 
Total 
Sum of 
Squares 
145.91 
316.52 
462.44 
50.57 
77.94 
128.51 
121.79 
47.94 
169.74 
df 
3 
64 
67 
3 
64 
67 
3 
64 
67 
Mean 
Square 
48.63 
4.94 
16.85 
1.21 
40.60 
.749 
F 
9.83 
13.84 
54.19 
Sig. 
.00* 
.00* 
.00* 
* Significance value is less than 0.05 for In-bound transportation cost. Out-bound 
transportation cost , Ware-housing Cost, Inventory carrying Cost-, Cost of transit 
losses, Cost of damages. Other Costs (Insurance, freight, clearance) , Return 
Inventory Cost and Return Processing Cost. 
3. Quality metrics 
The F-value is 3.24 and the significance value is less than 0.05 for % of 
supply made as per the qty. ordered, so we reject the null hypothesis for these quality 
metrics and conclude that there is a significant difference in the mean for these items. 
For example, as for % of supply made as per the qty. ordered is concerned the 
electronics segment has a higher mean (98.08) than the other manufacturing 
segments. Similarly, % of supply on desired quality is concerned, electronics 
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segment has a higher has a higher mean (100.00) than the other manufacturing 
segments. As for % of on-time deliveries is concerned, no significant difference in 
the mean within manufacturing segments. (Table 4.27) 
Table 4.27 Mean values of quality metrics 
Metrics 
% of on-
Time 
deliveries 
% of supply 
made as per 
the quantity 
ordered 
% of supply 
on desired 
quality 
* Higher mean 
Segment 
Auto & Auto 
Components 
Electronics 
White goods 
Engineering 
Total 
Auto & Auto 
Components 
Electronics 
White goods 
Engineering 
Total 
Auto & Auto 
Components 
Electronics 
White goods 
Engineering 
Total 
values for these i 
N 
20 
12 
19 
17 
68 
20 
12 
19 
17 
68 
20 
12 
19 
17 
68 
metr 
Mean 
93.55 
95.08 
92.10 
90.29 
92.60 
96.60 
98.08 * 
94.00 
94.00 
95.48 
97.30 
100.00 * 
96.10 
97.47 
97.48 
ics in manu 
Std. 
Deviation 
5.28 
3.62 
6.48 
6.24 
5.78 
3.05 
2.06 
5.55 
5.24 
4.57 
2.88 
.00 
3.81 
3.74 
3.36 
'acturing seg 
Minimum 
84.00 
90.00 
75.00 
80.00 
75.00 
90.00 
95.00 
80.00 
85.00 
80.00 
90.00 
100.00 
90.00 
85.00 
85.00 
ment. 
Maximum 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
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Metrics 
% of on-Time deliveries 
% of supply made ass 
per the quantity ordered 
% of supply on desired 
quality 
Segment 
Between 
Groups 
Within 
Groups 
Total 
Between 
Groups 
Within 
Groups 
Total 
Between 
Groups 
Within 
Groups 
Total 
Sum of 
Squares 
187.09 
2057.18 
2244.27 
185.26 
1219.71 
1404.98 
112.76 
644.22 
756.98 
df 
3 
64 
67 
3 
64 
67 
3 
64 
67 
Mean 
Square 
62.36 
32.14 
61.75 
19.05 
37.58 
10.06 
F 
1.94 
3.24 
3.73 
Sig. 
.13 
.02* 
. 0 1 * 
* Significance value is less than 0.05 for % of supply made ass per the quantity 
ordered and % of supply on desired quality. 
4. Assets metrics 
The F-value is 10.64 and the significance value is less than 0.05 for work in 
progress inventory holding so we reject the null hypothesis for these Assets metrics 
and conclude that there is a significant difference in the mean for these items. For 
example, as for work in progress inventory holding is concerned the engineering 
segment has a higher mean (17.52) than the other manufacturing segments. 
Similarly, as for finished goods inventory holding is concerned, white goods segment 
has a higher mean (16.05) than the other manufacturing segments. All other metrics 
are concerned there is no significant difference in the mean values within 
manufacturing segments. (Table 4.28) 
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Table 4.28 Mean values of Assets metrics 
Metrics 
Raw Material 
inventory 
holding (Days) 
Work in 
progress 
inventory 
holding (Days) 
Finished goods 
inventory 
holding (Days) 
Inventory 
Turnover 
(Turns) No. of 
times 
Segment 
Auto & Auto 
Components 
Electronics 
White goods 
Engineering 
Total 
Auto & Auto 
Components 
Electronics 
White goods 
Engineering 
Total 
Auto & Auto 
Components 
Electronics 
White goods 
Engineering 
Total 
Auto & Auto 
Components 
Electronics 
White goods 
Engineering 
Total 
N 
20 
12 
19 
17 
68 
20 
12 
19 
17 
68 
20 
12 
19 
17 
68 
20 
12 
19 
17 
68 
Mean 
19.05 
22.08 
18.05 
23.00 
20.29 
7.15 
5.75 
7.00 
17.52 * 
9.45 
10.80 
12.00 
16.05 * 
7.52 
11.66 
18.20 
15.00 
18.84 
18.05 
17.77 
Std. 
Deviation 
13.49 
5.712 
11.74 
11.64 
11.43 
5.29 
3.27 
6.00 
10.29 
8.18 
7.69 
7.55 
12.58 
3.39 
9.02 
7.91 
4.04 
5.62 
7.25 
6.58 
Minimum 
2.00 
12.00 
4.00 
3.00 
2.00 
3.00 
2.00 
2.00 
3.00 
2.00 
2.00 
4.00 
2.00 
3.00 
2.00 
6.00 
10.00 
12.00 
5.00 
5.00 
Maximum 
45.00 
30.00 
45.00 
36.00 
45.00 
21.00 
12.00 
24.00 
36.00 
36.00 
30.00 
25.00 
40.00 
14.00 
40.00 
30.00 
24.00 
30.00 
31.00 
31.00 
* Higher mean values for these metrics in manufacturing segment. 
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Metrics 
Raw Material inventory 
holding (Days) 
Work in progress 
inventory holding (Days) 
Finished goods inventory 
holding (Days) 
Inventory Turnover 
(Turns) No. of times 
Segment 
Between 
Groups 
Within 
Groups 
Total 
Between 
Groups 
Within 
Groups 
Total 
Between 
Groups 
Within 
Groups 
Total 
Between 
Groups 
Within 
Groups 
Total 
Sum of 
Squares 
289.30 
8470.81 
8760.11 
1493.83 
2995.03 
4488.86 
672.838 
4788.38 
5461.22 
119.02 
2782.66 
2901.69 
df 
3 
64 
67 
3 
64 
67 
3 
64 
67 
3 
64 
67 
Mean 
Square 
96.43 
132.35 
497.94 
46.79 
224.27 
74.81 
39.67 
43.47 
F-
value 
.72 
10.64 
2.99 
.912 
Sig. 
.53 
.00* 
.03* 
.44 
* Significance value is less than 0.05 for Work in progress inventory holding (Days) 
and Finished goods inventory holding (Days) 
5. Logistics cost 
The F-value is 13.17 and the significance value is less the 0.05 for logistics 
cost so we reject the null hypothesis and conclude that there is a significant 
difference in the mean for these items. For example, as for logistics cost is 
concerned, the engineering segment has a higher mean (65.05) than the other 
manufacturing segments. (Table 4.29) 
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Table 4.29 Mean values of logistics cost 
Segment 
Auto & Auto 
Components 
Electronics 
White goods 
Engineering 
Total 
N 
20 
12 
19 
17 
68 
Mean 
49.50 
53.50 
52.00 
65.05 * 
54.79 
Std. Deviation 
7.88 
2.84 
6.80 
11.11 
9.92 
Minimum 
26.00 
50.00 
38.00 
40.00 
26.00 
Maximum 
56.00 
60.00 
60.00 
80.00 
80.00 
* Higher mean value for this metric in manufacturing segment. 
Segment 
Between Groups 
Within Groups 
Total 
Sum of Squares 
2520.17 
4080.94 
6601.11 
df 
3 
64 
67 
Mean Square 
840.05 
63.76 
F 
13.17 
Sig. 
.00* 
* Significance value is less than 0.05 for logistics cost 
4.5.2 Interpretation of F-test (Anova) results 
1. Cycle time metrics 
From Table 4.25 it is amply clear that significant difference exist between the 
companies belonging to manufacturing segments. As for production cycle time, cash-
to-cash cycle time and supply chain flexibility metrics are concerned, there were 
significant differences exist between manufacturing segments. In production cycle 
time metrics, auto & components, electronics & white goods faired comparatively 
better than engineering segments. Similarly, cash-to-cash cycle time, electronics, 
white goods and engineering segments performed comparatively better than auto & 
components segment. In supply chain flexibility, auto & components segment 
performed comparatively better than electronics, white goods and engineering 
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segments. In other metrics there were no significant differences exists between 
manufacturing segments. 
2. Cost metrics 
From Table 4.26 shows that as for In-bound transportation cost, out-bound 
transportation, ware-housing, inventory carrying cost, cost of transit losses, cost of 
damages, other costs are concerned, there is a significant difference exist between the 
manufacturing segments. In ware-housing cost, cost of transit losses, cost of 
damages, return inventory cost and return processing segments faired comparatively 
better than auto and auto components segments. In-bound transpiration cost, out-
bound transportation cost and inventory carrying cost, auto & components, 
electronics better than engineering segments. In other costs which include Insurance, 
freight and clearance, auto & components, white goods and engineering segments 
faired comparatively better than electronics segments. 
3. Quality metrics 
From Table 4.27 it is further interpreted that % of supply made as per the qty. 
ordered and % of supply on desired quality metrics are concerned, there were 
significant differences exist between the manufacturing segments. In both the 
metrics, electronics segment faired comparatively better than other segments in the 
manufacturing group % of on-time deliveries is concerned, there is no significant 
differences exist between the manufacturing groups. 
4. Assets metrics 
From Table 4.28 it is further interpreted that as for as work-in-progress and 
finished goods are concerned, there were significant difference exist between the 
manufacturing groups. In work-in-progress inventory metrics, auto & components, 
electronics and white goods segments faired comparatively better than engineering 
segment. Similarly, in finished goods inventory, auto & auto components, electronics 
and engineering segments faired comparatively better than white goods segments. In 
all other metrics there were no significant difference noticed between the 
manufacturing segments. 
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5. Logistics cost metrics 
From the above Table 4.29 it is further interpreted that there is a significant 
difference existing between the manufacturing segments on logistics cost. In logistics 
cost metrics, auto & components, electronics and white goods segments faired 
comparatively better than engineering segment. 
TESTING OF NULL HYPOTHESIS OF F-TEST (ANOVA) 
F-test (Anova)-one way was used to test the null hypothesis of the significant 
difference in the mean values of metrics between manufacturing segments. The 
following null hypotheses were rejected using F-test. 
Ho2m : There are no significant differences in the mean of production cycle time 
between manufacturing groups. 
Ho6m ' There are no significant differences in the mean of supply chain fiexibility 
(%) between manufacturing groups. 
Ho8m : There are no significant differences in the mean of In-bound transportation 
cost (% TSCC) between manufacturing groups. 
Ho9m : There are no significant differences in the mean of Out-bound 
transportation cost (% TSCC) between manufacturing groups. 
Hoiom : There are no significant differences in the mean of ware-housing 
transportation cost (% TSCC) between manufacturing groups. 
Hoiim : There are no significant differences in the mean of Inventory carrying cost 
(% TSCC) between manufacturing groups. 
Hoi2m : There are no significant differences in the mean of cost of transit losses (% 
TSCC) between manufacturing groups. 
Hoi3in '. There are no significant differences in the mean of cost of damages (% 
TSCC) between manufacturing groups. 
Hoi4m •  There are no significant differences in the mean of other costs (% TSCC) 
between manufacturing groups. 
Hoism : There are no significant differences in the mean of return Inventory costs 
between manufacturing groups. 
Hoi6m • There are no significant differences in the mean of return processing cost 
between manufacturing groups. 
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Hoi7m : There are no significant differences in the mean of % of on-time deliveries 
between manufacturing groups. 
Hoi8m '• There are no significant differences in the mean of % of supply made as 
per the quantity ordered between manufacturing groups. 
Hoi9m : There are no significant differences in the mean of% of supply on desired 
quality between manufacturing groups. 
Ho2im : There are no significant differences in the mean of Work in progress 
inventory holding between manufacturing groups. 
Ho22ni '• There are no significant differences in the mean of Finished goods 
Inventory holding between manufacturing groups. 
Ho24m : There are no significant differences in the mean of logistics cost (inbound 
+ outbound transpiration cost) between manufacturing groups. 
The main highlights of the results presented in Table 4.30 are as under. 
1. No significant difference in the mean values of metrics between 
manufacturing segments. 
(i) Procurement cycle time (ii) Delivery cycle time (iii) Total cycle time (vi) 
Total supply chain cost (v) % of on-time deliveries (vi) Raw Material Inventory 
holding (vii) Inventory turnover. 
2. However, significant difference observed in the mean values of the following 
metrics (Between manufacturing segments). 
(i) Production cycle time (ii) Cash-to-cash cycle time (iii) Supply chain 
flexibility (%) (vi) In-bound transportation cost (% TSCC) (v) Out-bound 
transportation cost (vi) Ware-housing cost (vii) Inventory carrying cost (viii) Cost of 
transit losses (ix) Cost of damages (x) Other costs (Insurance, Freight & Clearance) 
(xi) Return Inventory cost (xii) Return processing cost (xiii) % of supply made as per 
the Quantity, ordered, (xiv) % of supply on designed quality (xv) Work in Progress 
inventory holding (xvi) Finished Goods inventory holding (xvii) Logistics cost (In-
bound -I- Out-bound) 
Table 4.30 F-Test Results 
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Metrics 
Procurement cycle time (No. of days) 
Production cycle time (No. of days) 
Delivery Time 
Total cycle time 
Cash-to-Cash cycle time 
Supply chain flexibility (%) 
Total supply chain cost (% of sales) 
In-bound transportation (% of TSCC) 
Out-bound transportation (% of TSCC) 
Ware-housing cost (% of TSCC) 
Inventory carrying cost (% of TSCC) 
Cost of transit losses (% of TSCC) 
Cost of damages (% of TSCC) 
Other costs (Insurance, freight & 
clearance) 
Return Inventory cost 
Return processing cost 
% of on-time deliveries 
% of supply made as per the quantity 
ordered 
% of supply on desired quality 
Raw Material Inventory holding (days) 
Work in Progress Inventory holding 
Finished Goods Inventory holding 
Inventory Turnover (No. of turns) 
Logistics cost: (% of TSCC) 
F-Value 
0.83 
6.98 
1.02 
2.12 
4.17 
3.75 
0.99 
14.02 
7.94 
16.21 
18.16 
80.11 
49.60 
9.83 
13.84 
54.19 
1.94 
3.24 
3.73 
0.72 
10.64 
2.99 
0.91 
13.17 
df 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
Level of 
Sig. 
0.47 
0.00 
0.38 
0.10 
0.00 
0.01 
0.39 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.13 
0.02 
0.01 
0.53 
0.00 
0.03 
0.44 
0.00 
Remarks 
NS* 
S* 
NS 
NS 
S 
S 
NS 
s 
s 
s 
s 
s 
s 
s 
s 
s 
NS 
s 
s 
NS 
S 
s 
NS 
s 
*NS - Non-significant 
*S - Significant 
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4.6 ANALYSIS AND INTERPRETATION OF CORRELATION AND 
REGRESSION 
Correlation and Regression analysis 
Correlation analysis studies the joint variation of two or more variables for 
determining the amount of correlation between two or more variables. In each 
performance metrics groups dependent variables are correlated with independent 
variables. The functional relationships existing between two or more variables are 
studied. It is used to find out the best fit. 
4.6.1 Analysis of Correlation and Regression 
I. Correlation and Regression analysis for cycle time metrics 
Table 4.31 given below shows the correlation and regression analysis for 
cycle time metrics. 
A4 is a function of (al, a2, a3, a5) 
Variables entered / removed (a) 
Table 4.31 Correlation and Regression analysis for cycle time metrics 
Model 
1 
2 
3 
Variables 
Entered 
Cash-to-Cash 
Cycle time (No. 
of Days) 
Delivery Time 
(No. of Days) 
Production 
Cycle time (No. 
of Days) 
Variables 
Removed Method 
Stepwise (Criteria: Probability-of-F-to-
enter 
<= .050, 
Probability-of-F-to-remove >= .100). 
Stepwise (Criteria: Probability-of-F-to-
enter <= 
.050, Probability-of-F-to-remove >= 
.100). 
Stepwise (Criteria: Probability-of-F-to-
enter <= .050, 
Probability-of-F-to-remove >= .100). 
a. Dependent Variable: Total cycle time (No. of Days) 
153 
Model summary 
Model 
1 
2 
3 
R 
.841(a) 
.875(b) 
.898(c) 
R Square 
.70 
.76 
.80 
Adjusted R Square 
.70 
.75 
.79 
Std. Error of the Estimate 
14.94 
13.45 
12.30 
a. Predictors: (constant), cash-to-cash cycle time (no. of days) 
b. Predictors: (constant), cash-to-cash cycle time (no. of days), delivery time 
(no. of days) 
c. Predictors: (constant), cash-to-cash cycle time (no. of days), delivery time 
(no. of days), Production cycle time (no. of days) 
The three variables explain 80.6% of the variation in the dependent variable. 
Model 
1 
2 
3 
Regression 
Residual 
Total 
Regression 
Residual 
Total 
Regression 
Residual 
Total 
Sum of Squares 
46250.32 
19208.12 
65458.44 
50061.30 
15397.14 
65458.44 
52729.87 
12728.57 
65458.44 
df 
1 
86 
87 
2 
85 
87 
3 
84 
87 
Mean Square 
46250.32 
223.35 
25030.65 
181.14 
17576.62 
151.53 
F 
207.07 
138.18 
115.99 
Sig. 
.000(a) 
.000(b) 
.000(c) 
a. Predictors: (constant), cash-to-cash cycle time (no. of days) 
b. Predictors: (constant), cash-to-cash cycle time (no. of days), delivery time 
(no. of days) 
c. Predictors: (constant), cash-to-cash cycle time (no. of days), delivery time 
(no. of days), production cycle time (no. of days) 
d. Dependent variable: total cycle time (no. of days) 
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Since the significance value of 0.000 is less than 0.05, we can conclude that 
the regression model is a good fit. 
Coefficients(a) 
Model 
1 
2 
3 
Variables 
(Constant) 
Cash-to-Cash Cycle time 
(No. of Days) 
(Constant) 
Cash-to-Cash Cycle time 
(No. of Days) 
Delivery Time (No. of 
Days) 
(Constant) 
Cash-to-Cash Cycle time 
(No. of Days) 
Delivery Time (No. of 
Days) 
Production Cycle time 
(No. of Days) 
Unstandardized 
Coefficients 
B 
1.21 
.83 
-9.26 
.69 
2.49 
-7.00 
.54 
2.17 
.53 
Std. 
Error 
3.32 
.05 
3.76 
.062 
.54 
3.48 
.06 
.50 
.12 
Standardized 
Coefficients 
Beta 
.84 
.69 
.28 
.54 
.24 
.26 
t 
.36 
14.39 
-2.46 
11.20 
4.58 
-2.01 
8.26 
4.32 
4.19 
Sig. 
.71 
.00 
.01 
.00 
.00 
.04 
.00 
.00 
.00 
a. Dependent Variable: Total cycle time (No. of Days) 
Regression Equation is 
Total cycle time= 1.21-1-0.83 (cash-to-cash cycle time). 
Total cycle time= -9.26-i-0.69 (cash-to-cash cycle time) -f- 2.490 (delivery time). 
Total cycle time= -7.00+0.54 (cash-to-cash cycle time) -l- 2.174 (delivery time) + 
0.538 (production cycle time). 
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II. Correlation and Regression analysis for cost metrics 
Table 4.32 shows the correlation and regression analysis for cost metrics. 
B1 is a function of (b2, b6, b8) 
Variables Entered / Removed (a) 
Table 4.32 Correlation and Regression analysis for cost metrics 
Model 
1 
2 
3 
Variables 
Entered 
In-bound 
transportation 
cost (% TSCC) 
Cost of transit 
losses ( % of 
TSCC) 
Other Costs( 
Insurance, 
freight, 
clearance) ( % 
of TSCC) 
Variables 
Removed 
Method 
Stepwise (Criteria: Probability-of-F-
to-enter <= .050, Probability-of-F-to-
remove >= .100). 
Stepwise (Criteria: Probability-of-F-
to-enter <= .050, Probability-of-F-to-
remove >= .100). 
Stepwise (Criteria: Probability-of-F-
to-enter <= .050, Probability-of-F-to-
remove >= .100). 
a Dependent variable: Total supply chain cost ( % of sales) 
Model summary 
Model 
1 
2 
3 
R 
.330(a) 
.478(b) 
.530(c) 
R Square 
.10 
.22 
.28 
Adjusted R Square 
.09 
.21 
.25 
Std. Error of the Estimate 
3.15 
2.95 
2.86 
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a. Predictors: (constant), in-bound transportation cost (% TSCC) 
b. Predictors: (constant), in-bound transportation cost (% TSCC), Cost of transit 
losses (% of TSCC) 
c. Predictors: (constant), in-bound transportation cost (% TSCC), Cost of transit 
losses (% of TSCC), other costs (Insurance, freight, clearance) ( % of TSCC) 
The three variables explain 28.1% of the variation in the dependent variable. 
ANOVA (d) 
Model 
1 
2 
3 
Regression 
Residual 
Total 
Regression 
Residual 
Total 
Regression 
Residual 
Total 
Sum of Squares 
104.30 
854.59 
958.89 
218.95 
739.94 
958.89 
269.15 
689.74 
958.89 
df 
1 
86 
87 
2 
85 
87 
3 
84 
87 
Mean Square 
104.30 
9.93 
109.47 
8.70 
89.71 
8.21 
F 
10.49 
12.57 
10.92 
Sig. 
.002(a) 
.000(b) 
.000(c) 
a. Predictors: (constant), in-bound transportation cost ( % TSCC) 
b. Predictors: (constant), in-bound transportation cost ( % TSCC), cost of transit 
losses (% of TSCC) 
c. Predictors: (constant), in-bound transportation cost ( % TSCC), cost of transit 
losses ( % of TSCC), other costs ( Insurance, freight, clearance) ( % of 
TSCC) 
d. Dependent variable: total supply chain cost ( % of sales) 
Since the significance value of 0.002 is less than 0.05, we can conclude that 
the regression model is a good fit. 
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The Regression equation is : 
Total supply chain cost =3.12+0.15 (in bound transportation cost). 
Total supply chain cost =-0.23+0.21 (in bound transportation cost) + 0.63 (Cost of 
transit losses) 
Total supply chain cost =-2.01+023 (in bound transportation cost) + 0.56 (Cost of 
transit losses) + 0.28 (other costs). 
Coefficients (a) 
Model 
1 
2 
3 
(Constant) 
In-bound transportation cost 
( % TSCC) 
(Constant) 
In-bound transportation cost 
( % TSCC) 
Cost of transit losses ( % of 
TSCC) 
(Constant) 
In-bound transportation cost 
( % TSCC) 
Cost of transit losses 
(% of TSCC) 
Other Costs 
( Insurance, freight, 
clearance) 
(% of TSCC) 
Unstandardized 
Coefficients 
B 
3.12 
.15 
-.23 
.21 
.63 
-2.01 
.23 
.56 
.28 
Std. 
Error 
1.23 
.04 
1.47 
.04 
.17 
1.60 
.04 
.17 
.11 
Standardized 
Coefficients 
Beta 
.33 
.45 
.36 
.48 
.32 
.23 
F 
2.53 
3.24 
-.15 
4.51 
3.62 
-1.25 
4.86 
3.28 
2.47 
Sig. 
.01 
.00 
.87 
.00 
.00 
.21 
.00 
.00 
.01 
a. Dependent Variable: Total Supply chain cost (% of sales) 
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III. Correlation and Regression analysis for quality / service metrics 
Table 4.33 shows the correlation and regression analysis of quality metrics. 
CI is a function of c2. 
Variables entered / removed (a) 
Table 4.33 Correlation and Regression analysis of quality metrics 
Model 
1 
Variables Entered 
% of supply made as per 
the quantity ordered 
Variables 
Removed 
Method 
Stepwise (Criteria: 
Probability-of-F-to-enter <= 
.050, Probability-of-F-to-
remove >= .100). 
a. Dependent Variable: % of on-Time deliveries 
Model Summary 
Model 
1 
R 
.648(a) 
R Square 
.419 
Adjusted R Square 
.413 
Std, Error of the 
Estimate 
4.28605 
a. Predictors: (constant), % of supply made ass per the qty ordered 
The variables explain 41.9% of the variation in the dependent variable. 
ANOVA(b) 
Model 
1 Regression 
Residual 
Total 
Sum of Squares 
1141.24 
1579.83 
2721.08 
df 
1 
86 
87 
Mean Square 
1141.24 
18.37 
F 
62.12 
Sig. 
.000(a) 
a. Predictors: (constant), % of supply made ass per the qty ordered 
b. Dependent variable: % of on-time deliveries 
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Since the significance value of 0.000 is less than 0.05, we can conclude that 
the regression model is a good fit. 
Coefficients (a) 
Model 
1 (Constant) 
% of supply made ass per 
the qty ordered 
Unstandardized 
Coefficients 
B 
12.02 
.849 
Std. 
Error 
10.36 
.108 
Standardized 
Coefficients 
Beta 
.648 
t 
1.16 
7.88 
Sig. 
.24 
.00 
a. Dependent variable: % of on-time deliveries 
Regression equation is 
% of on-time deliveries=12.02+0.84(% of supply made as per the qty 
ordered) 
IV. Correlation and Regression analysis for Assets metrics 
Table 4.34 shows the correlation and regression analysis for Assets metrics. 
D4 is a function of D1. 
Variables entered / removed (a) 
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Table 4.34 Correlation and Regression analysis for Assets metrics 
Model 
1 
a. Depenc 
Variables 
Entered 
Raw 
Material 
inventory 
holding 
(Days) 
ent variable: in 
Variables 
Removed 
iventory turnov 
Method 
Stepwise (Criteria: Probability-of-F-to-
enter <= .050, Probability-of-F-to-remove 
>=.100). 
er (turns) no. of times 
Model summary 
Model 
1 
R 
.412(a) 
R Square 
.17 
Adjusted R Square 
.16 
Std. Error of the 
Estimate 
5.88 
a. Predictors: (constant), raw material inventory holding (days) 
The variable explains 17.0% of the variation in the dependent variable. 
ANOVA (b) 
Model 
1 Regression 
Residual 
Total 
Sum of Squares 
607.68 
2976.13 
3583.81 
df 
1 
86 
87 
Mean Square 
607.68 
34.60 
F 
17.56 
Sig. 
.000(a) 
a. Predictors: (constant), raw material inventory holding (days) 
b. Dependent variable: inventory turnover (turns) No. of times 
Since the significance value of 0.000 is less than 0.05, we can conclude that 
the regression model is a good fit. 
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Coefficients (a) 
Model 
1 (Constant) 
Raw Material inventory 
holding (Days) 
Unstandardized 
Coefficients 
B 
22.60 
-.236 
Std. 
Error 
1.25 
.056 
Standardized 
Coefficients 
Beta 
-.41 
t 
17.99 
-4.19 
Sig. 
.00 
.00 
a. Dependent Variable: Inventory turnover (turns) no.of times 
The Regression equation is: 
Inventory turnover=22.606-0.236(raw material inventory holding). 
4.6.2 Interpretation of Correlation and Regression analysis results 
I) Cycle time metrics 
Total cycle time (No. of days) is considered as dependent variable, the three 
variables such as cash to cash cycle time, delivery time, and production cycle time 
explain 80.6% of the variation in the dependent variable. The remaining 19.4% of the 
variation is due to measurement error. Since the significance value of 0.000 is less 
than 0.05, we can conclude that the regression model is a good fit. 
II) Cost metrics 
Total supply chain cost is considered as dependent variable, the three 
variables such as In-bound transportation cost, cost of transit losses and other costs 
explain 28.1% of the variation in the dependent variables. Since the significance 
value of 0.002 is less than 0.05, we can conclude that the regression model is a good 
fit. 
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III) Quality metrics 
% of on - time deliveries is considered as depended variable, the variable % 
of supply made as per the qty. ordered explain 41.9% of the variation in the 
dependent variable. Since the significance value of 0.000 is less than 0.05, we can 
conclude that the regression model is a good fit. 
IV) Assets metrics 
Inventory turnover (No. of turns) is considered as dependent variable, the 
variable Raw material inventory holding (days) explain 17.0% of the variation in the 
dependent variable. Since the significance value of 0.000 is less than 0.05, we can 
conclude that the regression model is a good fit. 
4.7 ANALYSIS AND INTERPRETATION OF FACTOR ANALYSIS 
Factor Analysis 
The data was then subject to principal component analysis (PCA), a method 
categorized under the broad area of factor analysis. Principal components (PC) 
analysis all the variance in the items. PC is generally considered the best method for 
the pragmatic purposes of data reduction. With PCA, the 24 metrics of supply chain 
performance related metrics contained in part-Ill of the questionnaire were reduced 
to 7 metrics under 5 broad dimensions which were assigned names such cycle time, 
cost, quality. Assets and logistics cost. 
In this research, we have used varimax rotation with Kaiser Normalization 
with which maximum possible simplification is reached, ie., rotation converged with 
iterations. With varimax rotational approach there tends to be some high loadings 
close to -1 or +1 thus indicating a clear positive or negative association between the 
variable and the factor close to zero, indicating a clear lack of association varimax 
rotation gives clear separation of factors. 
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4.7.1 Exploratory Factor Analysis 
Factor analysis is a multivariate statistical procedure primarily used for data 
reduction and summarization large number of correlated variables is reduced to set of 
independent underlying factors. 
The first analysis involved the variables that were subjected to principal 
component analysis (PCA) under the broad area of factor analysis. The 24 metrics 
(variables) were reduced to 7 metrics (factors) that were extracted through forced 
extraction using varimax rotation technique, thereby reducing the total number of 
variables from 24 to 7. 
4.7.2 Cattell's scree plot 
This determines the number of factors to extract in the final solution this is a 
plot of eigen values associated with each of the factors extracted, against each other. 
At the point that the plot begins to level off as shown in Figure 4.10, the 
additional factors explain less variance than a single variance. 
Figure 4.10 Cattell's scree plot 
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The scree plot suggests that there are only 7 factors, which were extracted, as 
also proved by the eigen values which is only more than one for the 7 extracted 
factors / metrics. 
4.7.3 Reliability Analysis 
After conducting exploratory factor analysis consistency was estimated using 
a reliability coefficient called Cronbach's alpha coefficient. 
The Cronbach alpha value for all the 24 items is shown in the Table 4.35 
below. 
Table 4.35 Reliability statistics 
Cronbach's Alpha Cycle time 
Cost 
Quality 
Assets 
0.811 
0.660 
0.651 
0.760 
Cronbach's alpha values were computed to test the internal consistency 
aspect of reliability of the multi item scales measuring the 24 items under 5 
dimensions. It is known that if a scale used to measure a construct has an alpha 
values greater than 0.70, the scale is considered reliable in measuring the construct 
(Hair, Anderson, Tathan & Black, 1998; Nunally, 1978; Leedy, 1997: Venkatraman 
& Ramanujam, 1996; Seock, 2003: Sakakibara, Flynn & Schroder, 1993). As per the 
observations of Schusseler, (1971) too, according to whom a scale is considered to 
have good reliability if it has an alpha value greater than 0.60 the reliability measures 
were satisfactory. 
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I) Test for factor analysis of cycle time metrics 
Figure 4.11 Eigen values analysis of cycle time 
Scree Plot 
Component Number 
Theoretically there can be 6 factors if there are 6 variables in the analysis. So 
the eigen values associated with a variables indicate the substantive importance of 
that factor. So we retain those having higher eigen values so from the screen plot we 
retain only 2 factors. Hence only two factors can be retained for analysis as shown in 
Figure 4.11. 
a. Total variance explained 
Table 4.36 Total variance explained - Cycle time metrics 
Component 
1 
2 
3 
4 
5 
6 
Initial Eigen values 
Total 
3.71 
1.04 
.60 
.36 
.16 
.12 
% of 
Variance 
61.82 
17.34 
9.99 
6.09 
2.68 
2.05 
Cumulativ 
e% 
61.82 
79.17 
89.16 
95.25 
97.94 
100.00 
Rotation Sums of Squared 
Loadings 
Total 
3.69 
1.05 
% of 
Variance 
61.54 
17.63 
Cumulative 
% 
61.54 
79.17 
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Extraction method: Principal component analysis. 
These two factors account for around 79% of the variation as seen from the 
table produced above. The table below shows the loadings of the 6 variables in these 
two factors. 
Rotated component matrix (a) 
Components 
Total cycle time (No. of Days) 
Procurement Cycle (No. of Days) 
Cash-to-Cash Cycle time (No. of Days) 
Production Cycle time (No. of Days) 
Delivery Time (No. of Days) 
Supply chain Flexibility % 
Component 
I 
.93 
.91 
.89 
.83 
.68 
-.00 
2 
-.02 
-.04 
.04 
.02 
-.31 
.97 
Extraction Method: Principal Component Analysis. Rotation Method: 
Varimax with Kaiser Normalization. 
a. Rotation converged in 3 iterations 
The table reproduced below shows the common variance in each of the 
variable that is explained by the two factors extracted. 
Communalities 
Components 
Procurement Cycle (No. of Days) 
Production Cycle time (No. of Days) 
Delivery Time (No. of Days) 
Total cycle time (No. of Days) 
Cash-to-Cash Cycle time (No. of Days) 
Supply chain Flexibility % 
Initial 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
Extraction 
.84 
.70 
.56 
.87 
.80 
.95 
Extraction Method: Principal component analysis. 
167 
11. Test for factor analysis of cost metrics 
Figure 4.12 shows that the Eigen value of analysis of cost metrics. Total 
supply chain cost, inbound transportation cost and outbound transportation cost 
metrics Eigen values are more than one. 
Figure 4.12 Eigen value of analysis of cost metrics 
Scree Plot 
Component Number 
a. Total variance explained 
Table 4.37 Total variance explained - Cost metrics 
Component 
(metrics) 
1 
2 
3 
4 
5 
Initial Eigen values 
Total 
3.06 
1.98 
1.60 
0.77 
0.72 
% of 
Variance 
30.64 
19.82 
16.07 
7.79 
7.22 
Cumulative 
% 
30.64 
50.46 
66.53 
74.33 
81.55 
Rotation Sums ( 
Loadings 
Total 
2.49 
2.35 
1.80 
% of 
Variance 
24.94 
23.51 
18.07 
Df Squared 
Cumulative 
% 
24.94 
48.46 
66.53 
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Component 
(metrics) 
6 
7 
8 
9 
10 
Initial Eigen values 
.56 
.40 
.39 
.26 
.22 
5.61 
4.06 
3.94 
2.60 
2.20 
87.17 
91.23 
95.18 
97.79 
100.00 
Rotation Sums i 
Loadings 
af Squared 
Extraction Method: Principal Component Analysis. 
b. Rotated component matrix (a) 
Variables 
Cost of damages ( % of TSCC) 
Ware-housing Cost ( % of TSCC) 
Other Costs ( Insurance, freight, clearance) ( % of 
TSCC) 
Cost of transit losses ( % of TSCC) 
Return Processing Cost 
Return Inventory Cost 
Out-bound transportation cost ( % of TSCC) 
In-bound transportation cost ( % TSCC) 
Inventory carrying Cost- ( % of TSCC) 
Total Supply chain cost ( % of sales) 
Component 
1 
.84 
.80 
.73 
.61 
.06 
.04 
.09 
-.26 
-.02 
.35 
2 
.23 
-.01 
-.21 
.57 
.82 
.74 
-.72 
.02 
-.32 
.23 
3 
-.21 
.03 
.12 
-.27 
-.19 
.07 
-.04 
.80 
.73 
.65 
Extraction Method: Principal Component Analysis. Rotation Method: 
Varimax with Kaiser Normalization, rotation converged in 4 iterations. 
Communalitles 
Variables 
Total Supply chain cost ( % of sales) 
In-bound transportation cost ( % TSCC) 
Out-bound transportation cost ( % of TSCC) 
Ware-housing Cost ( % of TSCC) 
Initial 
1.00 
1.00 
1.00 
1.00 
Extraction 
.60 
.72 
.54 
.65 
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Variables 
Inventory carrying Cost- ( % of TSCC) 
Cost of transit losses ( % of TSCC) 
Cost of damages ( % of TSCC) 
Other Costs ( Insurance, freight, clearance) ( % of 
TSCC) 
Return Inventory Cost 
Return Processing Cost 
Initial 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
Extraction 
.65 
.77 
.82 
.60 
.56 
.72 
Extraction Method: Principal Component Analysis. 
III. Test for factor analysis of quality metrics 
Figure 4.13 shows that eigen value analysis of quality / service metrics. 
Percentage of on-time deliveries metric eigen value is more than one. 
Figure 4.13 Eigen value analysis of quality / service metrics 
Scree Plot 
Component Number 
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a. Total variance explained 
Table 4.38 Total variance explained - Quality / Service metrics 
Component 
1 
2 
3 
Initial Eigen values 
Total 
1.79 
.86 
.34 
% of 
Variance 
59.87 
28.77 
11.34 
Cumulative 
% 
59.87 
88.65 
100.00 
Extraction Sums of Squared 
Loadings 
Total 
1.79 
% of 
Variance 
59.87 
Cumulative % 
59.87 
Extraction Method: Principal Component Analysis. 
b. Communallties 
Variables 
% of on-Time deliveries 
% of supply made ass per the quantity ordered 
% of supply on desired quality 
Initial 
1.00 
1.00 
1.00 
Extraction 
.71 
.79 
.28 
Extraction Method: Principal Component Analysis. 
Component matrix (a) 
Variables 
% of supply made ass per the quantity ordered 
% of on-Time deliveries 
% of supply on desired quality 
Component 
1 
.89 
.84 
.53 
Extraction Method: Principal Component Analysis, 
a 1 components extracted. 
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IV. Test for factor analysis of assets metrics 
Figure 4.14 shows that Eigen value analysis of Assets metrics. Raw material 
holding inventory metric Eigen value is more than one. 
Figure 4.14 Eigen value Analysis of Assets metrics 
Scree Plot 
1 
Component Number 
Total variance explained 
Table 4.39 Total variance explained - Assets metrics 
Component 
1 
2 
3 
4 
Initial Eigen values 
Total 
2.33 
0.85 
0.64 
0.15 
% of 
Variance 
58.45 
21.44 
16.20 
3.89 
Cumulative 
% 
58.45 
79.90 
96.10 
100.00 
Extraction Sums 
Loadin 
Total 
2.33 
% of 
Variance 
58.45 
of Squared 
Cumulative 
% 
58.45 
Extraction Method: Principal Component Analysis. 
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Communalities 
Variables 
Raw Material inventory holding (Days) 
Work in progress inventory holding (Days) 
Finished goods inventory holding (Days) 
Inventory Turnover (Turns) No. of times 
Initial 
1.00 
1.00 
1.00 
1.00 
Extraction 
.90 
.59 
.57 
.26 
Extraction Method: Principal Component Analysis. 
Component Matrix (a) 
Variables 
Raw Material inventory holding (Days) 
Work in progress inventory holding (Days) 
Finished goods inventory holding (Days) 
Inventory Turnover (Turns) No. of times 
Component 
1 
.94 
.77 
.75 
-.51 
Extraction Method: Principal Component Analysis. 
4.7.4 Interpretation of factor analysis results 
The main applications of factor analysis are: (1) to reduce the number of 
variables and (2) to defect structure in the relationships between variables that is to 
classify variables. Therefore, factor analysis is applied as a data reduction or 
structure detection method (Thurstone, 1931). 
Some of the most commonly used guidelines are Kaiser - Guttman rule, 
percentage of variance, the scree test, size of the residuals and interpretability of 
variance and scree plot test were applied Kaiser - Guttman rule, percentage of 
variance and scree plot test were applied. Kaiser - Guttman rule states that the 
number of factors to be extracted should be equal to the number of factors having an 
eigen value (variance) greater than 1.0. Another criterion, related to the latent root 
173 
criterion, is the percentage of proportion of the common variance (defined by the 
sum of communality estimates) that is explained by successive factors. The scree 
option in the PROC FACTOR statement produces a scree plot that illustrates the rate 
of change in the magnitude of the eigen values for the factors. The rate of decline 
tends to be fast for the first few factors but then levels off. The "elbow", or the point 
at which the curve bends, in considered to indicate the maximum number of factors 
to extract Figures 4.11,4.12, 4.13 & 4.14 illustrates scree plot. 
Results of cycle time metrics 
In the second column (Eigen values) Table 4.36, we find the variance on the 
new factors that were successfully extracted. In the third column, these values are 
expressed as a percentage of the total variance (6 factors). As we can see, factor 1 
accounts for 61.54% of the variance, factor 2 for 17.6% and so on. The fourth 
column contains the cumulative variance extracted. The combined variation of Total 
cycle time and procurement cycle time account for around 79.17 percentage of the 
variation. The eigen values of these metrics are greater than one. 
Results of cost metrics 
In the second column (Eigen values) Table 4.37, we find the variance on the 
new factors that were successfully extracted. In the third column, these values are 
expressed as a percentage of the total variance (10 factors). As we can see, factor 1 
accounts for 30.64% of the variance, factor 2 for 19.82%, factor 3 for 16.07%, factor 
4 7.79% and so on. The fourth column contains the cumulative variance extracted. 
The combined variance of Total supply chain cost, in-bound and out-bound 
transportation costs account for 66.53%. The eigen values for these metrics are 
greater than one. 
Results of quality metrics 
In the second column (Eigen values) Table 4.38, we fmd the variance on the 
new factors that were successfully extracted. In the third column, these values are 
expressed as a percentage of the total variance (3 factors). As we can see, factor 1 
accounts for 59.87% of the variance, factor 2 for 28.77%, and so on. The fourth 
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column contains the cumulative variance extracted. The variance of % of on time 
deliveries alone account for around 59.87% of the variation. The Eigen value of this 
metric was more than one. 
Results of assets metrics 
In the second column (Eigen values) Table 4.39, we find the variance on the 
new factors that were successfully extracted. In the third column, these values are 
expressed as a percentage of the total variance (4 factors). As we can see, factor 1 
accounts for 58.45% of the variance, factor 2 for 21.44%, factor 3 for 16.20% and so 
on. The fourth column contains the cumulative variance extracted. The combined 
variance of Raw material inventory holding, alone account for around 58.45% of the 
variation. The Eigen value of the metric was more than one. 
Hence the following factors were retained for analysis as these variables are 
having eigen values more than one: (1) Total cycle time (2) Procurement cycle time 
(3) Total supply chain cost (4) In-bound transportation cost (5) Out-bound 
transportation cost (6) % of on time deliveries and (7) Raw material inventory 
holding. 
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CHAPTER 5 
CONCLUSIONS, RECOMMENDATIONS AND DIRECTIONS 
FOR FUTURE RESEARCH 
5.1 INTRODUCTION 
The chapter includes conclusions, best practices in Supply chain management 
(SCM), comparison of major findings with literature and direction for future 
research. For the sake of clarity, the chapter has been divided into section-I deal with 
the conclusions and recommendations and section-II deals with the directions for 
future research. 
SECTION -1 
5.2 CONCLUSIONS 
5.2.1 Descriptive statistics - results 
In descriptive statistics, mean, median, mode and std. deviations were 
calculated, for FMCG and manufacturing groups separately and compared for 
analysis. With in groups the best-in-class and industry average were computed. 
Table 5.1 Summary of supply chain performance Best-in-class versus 
Industry averages. 
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Table 5.1 Descriptive Statistics Sample size : 88 
Metrics 
Procurement cycle time (No. of days) 
Production cycle time (No. of days) 
Delivery Time 
Total cycle time 
Cash-to-Cash cycle time 
Total supply chain cost (% of sales) 
In-bound transportation (% of TSCC) 
Out-bound transportation {% of TSCC) 
Ware-housing cost (% of TSCC) 
Inventory carrying cost (% of TSCC) 
Cost of transit losses (% of TSCC) 
Cost of damages (% of TSCC) 
Other costs (Insurance, freight & clearance) 
% of on-time deliveries 
% of supply made as per the quantity ordered 
% of supply on desired quality 
Raw material Inventory holding (days) 
Work in process Inventory holding 
Finished goods Inventory holding 
Inventory Turnover (No. of turns) 
Mean 
19 
13.5 
7 
43 
50 
7 
21 
31 
11 
14.5 
3 
4 
6 
93.6 
96 
97.5 
19.5 
8.8 
12.5 
18 
Minimum 
3 
2 
3 
8 
0 
2 
10 
14 
4 
4 
0 
0 
0.50 
75 
80 
85 
2 
2 
2 
5 
Maximum 
56 
60 
16 
110 
120 
18 
44 
42 
24 
26 
8 
8 
12 
100 
100 
100 
45 
36 
40 
31 
SUMMARY OF DESCRIPTIVE STATISTICS RESULTS 
1) Procurement cycle time: The minimum value is 3 days and the maximum value 
56 days, whereas the mean value is 19 days, which means that there is a huge gap 
existing between the Best-in-class and Industry average. 
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2) Production cycle time: The minimum value is 2 days as against to the maximum 
of 60 days, whereas the mean value is 13 days. The production cycle times in the 
manufacturing segments are high compared to FMCG. 
3) Delivery time: The minimum value is 3 days and the maximum is 16 days as 
against the mean of 7 days. This is due to geographical location of the companies 
and its markets. 
4) Total cycle time: The minimum value is 8 days as against the maximum of 110 
days. This is due to Engineering and Electronics segments in manufacturing. 
5) Cash-to-cash cycle time: The minimum value is zero and the maximum is 120 
days. In FMCG and White goods segments, companies take advances from their 
customers and credit from their vendors for supply of items. Hence, they are able to 
achieve zero cash collection period. 
6) Supply chain flexibility: The maximum value is 18% as against 9% in white 
goods segments. FMCG and Auto segments are able to meet the upsurge demand 
above 20 %. 
7) Total supply chain cost (% of sales): The minimum value is 2% as against the 
maximum of 18%. The mean value is 7% of sales. 
8) Inbound transportation cost: The minimum value is 10% and the maximum 
value is 44%. Auto and Engineering segments contribute to the maximum value. The 
mean value is 21% of TSCC. 
9) Outbound transportation cost: The minimum value is 14% and the maximum 
value is 42% FMCG and white goods segments contribute to the maximum value. 
The mean value is 31%. 
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10) Warehousing cost: The minimum value is 4% and maximum is 24% FMCG, 
Electronics and white goods segments contributes to the maximum. The mean value 
is ll%ofTSCC. 
11) Inventory carrying cost: The minimum value is 4% and the maximum is 26% 
Engineering and Auto segments contributes to the maximum value. The mean value 
is 14.5%ofTSCC. 
12, 13) Cost of transit losses and damages: The minimum value is zero and the 
maximum value is 8%. This maximum value due to FMCG, Auto and white goods 
segments. 
14) Otlier costs (Insu, freight, clear): The minimum value is 0.50% and the 
maximum is 12% FMCG, Electronics and white goods segments contributes to the 
maximum. The mean value is 6% of TSCC. 
15, 16) Return and processing cost: The minimum value is zero and maximum 
value is 6% Auto, Electronics and white segments contributes to the maximum value. 
17) Logistics cost (Inbound & Outbound): The minimum value is 26% and the 
maximum is 80%. The mean value is 55.5% of TSCC. The manufacturing segments 
inbound transportation cost and FMCG outbound transportation cost are the main 
elements for this maximum value. 
18) % of on time deliveries: The minimum value is 75% and the maximum value is 
100%. The mean value is 94%. FMCG, White goods & Electronics are contributing 
to the maximum value. 
19) % of supply made as per the quantity ordered: The maximum value is 100% 
and the minimum is 80%. The mean value is 96%. FMCG and Electronics segments 
are contributing to the maximum value. 
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20) % of supply on desired quality: The minimum value is 85% and the maximum 
is 100%. The mean value is 97.5% FMCG. Electronics and white goods are the 
major contributors to the maximum value. 
21) Raw material inventory holding (Days): The mean value is 2 days and 
maximum is 45 days. The mean value is 19.5 days. Engineering, Electronics and 
Auto segments are contributing to the maximum value. 
22) Work-in-process Inventory holding (Days): The minimum is 2 days and 
maximum is 36 days. The mean value is 9 days. Engineering, Auto and white goods 
are the contributors to the maximum value. 
23) Finished goods Inventory holding (Days): The minimum value is 2 days and 
maximum value is 40 days. FMCG, Electronics and white goods are the contributors 
to the maximum value. The mean value is 12.5 days. 
24) Inventory Turnover (No. of turns): The minimum value is 5 turns and the 
maximum is 31 turns. The mean value is 18 turns. FMCG, Auto and White goods 
are the contributors to the maximum value. 
Table 5.2 Summary of supply chain performance in FMCG and Manufacturing 
Industries 
SI. 
No 
A. 
1. 
2. 
3. 
4. 
5. 
6. 
Metrics 
Cycle time metrics (Days) 
Procurement time 
Production cycle time 
Delivery time 
Total cycle time 
Cash to cash time 
Supply chain flexibility (%) 
FMCG 
18 
13 
7 
41 
35 
15 
Industry Average 
Auto 
20 
9 
7 
40 
64 
15 
Elect 
21 
10 
6 
54.5 
60 
10 
White 
Good 
15 
10 
25 
33 
37 
9 
Engg 
22 
25 
8 
52 
59 
11 
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SI. 
No 
B 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
C. 
17. 
18. 
19. 
D. 
20. 
21. 
22. 
23. 
Metrics 
Cost-metrics 
Total supply chain cost (% of sales) 
In-bound transportation cost 
(%ofTSCC) 
Out-bound transportation cost 
(%ofTSCC) 
Warehousing cost (% of TSCC) 
Inventory carrying cost (% of 
TSCC) 
Cost of transit losses (% of TSCC) 
Cost of damages (% of TSCC) 
Other cost (Insurance freight & 
clearance) (% TSCC) 
Return Inventory cost 
Return Processing cost 
Quality Metrics 
% of on-time deliveries 
% of supplies made as per the 
quantity ordered 
% of supply on desired quality 
Asset Metrics 
Raw material Inventory holding 
Work in process Inventory holding 
Finished goods Inventory holding 
Inventory turnover (No. of turns) 
Industry Average 
FMCG 
6.5 
22 
36 
16 
15 
3 
5 
8 
2 
0 
97 
98 
98 
16 
6.5 
15.5 
19 
Auto 
7.0 
24 
25 
13 
12 
5 
5 
5 
4 
4 
94 
97 
97 
19 
7 
11 
18 
Elect 
6 
22 
31.5 
10 
18 
3 
4 
8 
2.5 
2 
95 
98 
100 
22 
6.0 
12 
15 
White 
Good 
8 
21 
31 
9 
12 
3 
4 
6 
2 
3 
92 
94 
96 
18 
7 
16 
19 
Engg 
7 
33 
32 
6.5 
19 
0.12 
1.0 
3.5 
2 
0.5 
90 
94 
98 
23 
17.5 
7.5 
18 
181 
In T- test it was found that there were significant difference in the mean 
values of cycle time, cost, and quality metrics. But in assets and logistics cost 
metrics, no significant differences were found (Table 5.2). 
5.2.2 Conclusions based on T-test results 
Independent sample t-test was used to investigate the differences in the means 
of metrics between FMCG and manufacturing companies on each of the 24 metrics 
under five major dimensions are presented in Table 5.3. 
1. Cycle time metrics 
The significance value is less than 0.05 for cash-to-cash cycle time and 
supply chain flexibility metrics. So we reject the null hypothesis for these cycle time 
metrics and conclude that there is a significant difference in the mean for these items. 
For example, as for as cash-to-cash cycle time is concerned, the manufacturing sector 
has a higher mean (54.42) than the FMCG sector. Similarly for supply chain 
flexibility, the FMCG sector has a higher mean (14.95) than the manufacturing 
sector. For all other metrics under cycle time, there is no significant different in the 
mean values between manufacturing and FMCG group. (Table 5.3) 
Table 5.3 No signincant difference in the mean of Cycle Time Metrics 
Procurement Cycle (No. of Days) 
Production Cycle time (No. of Days) 
Delivery Time (No. of Days) 
Nature of 
business 
Manufacturing 
FMCG 
Manufacturing 
FMCG 
Manufacturing 
N 
68 
20 
68 
20 
68 
Mean 
19.29 
18.00 
13.61 
12.95 
7.22 
Std. 
Deviation 
14.42 
13.97 
13.50 
13.12 
3.23 
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Total cycle time (No. of Days) 
Cash-to-Cash Cycle time (No. of Days) 
Supply chain Flexibility % 
Nature of 
business 
FMCG 
Manufacturing 
FMCG 
Manufacturing 
FMCG 
Manufacturing 
FMCG 
N 
20 
68 
20 
68 
20 
68 
20 
Mean 
7.05 
43.79 
41.05 
54.42* 
35.10 
11.45 
14.95* 
Std. 
Deviation 
2.76 
28.86 
22.37 
27.41 
22.51 
6.26 
7.96 
* There is a significant difference in the mean values of the these metrics 
Independent Samples Test 
T-Test 
Procurement Cycle (No. of Days) 
Production Cycle time (No. of Days) 
Delivery Time (No. of Days) 
Total cycle time (No. of Days) 
Cash-to-Cash Cycle time (No. of Days) 
Supply chain Flexibility % 
t 
.35 
.19 
.21 
.39 
2.87 
-2.05 
df 
86 
86 
86 
86 
86 
86 
Sig.(2-tailed) 
.72 
.84 
.83 
.69 
.00* 
.04* 
* The significance value is less than 0.05 for cash-tO-cash cycle time and supply 
chain flexibility 
2. Cost metrics 
The significance value is less than 0.05 for out-bound transportation, ware 
housing cost, cost of damages, other costs, return inventory cost and return 
processing cost so we reject the null hypothesis for these cost metrics and conclude 
that there is a significant difference in the mean for these items. For example, as for 
as return inventory cost is concerned, the manufacturing sector has a higher mean 
183 
(2.69) than the FMCG sector. Similarly for out-bound transportation cost, FMCG has 
a higher mean (36.00) than the manufacturing, ware - housing FMCG has a higher 
mean (15.95) than the manufacturing. Cost of damages, FMCG has a higher mean 
(5.05) than the manufacturing group. In, other costs metrics, FMCG has a higher 
mean (8.00) than the manufacturing and in return processing cost, manufacturing has 
a mean of 2.50 where as FMCG sector has a mean of zero, i.e., no return processing 
cost involved in the FMCTG sector. (Table 5.4) 
Table 5.4 No signiflcant difference in the mean of Cost metrics 
Metrics 
Total Supply chain cost ( % of sales) 
In-bound transportation cost 
( % TSCC) 
Out-bound transportation cost 
(% of TSCC) 
Ware-housing Cost (% of TSCC) 
Inventory carrying Cost-
(% of TSCC) 
Cost of transit losses ( % of TSCC) 
Cost of damages ( % of TSCC) 
Other Costs (Insurance, freight, 
clearance) (% of TSCC) 
Return Inventory Cost 
Return Processing Cost 
Nature of 
business 
Manufacturing 
FMCG 
Manufacturing 
FMCG 
Manufacturing 
FMCG 
Manufacturing 
FMCG 
Manufacturing 
FMCG 
Manufacturing 
FMCG 
Manufacturing 
FMCG 
Manufacturing 
FMCG 
Manufacturing 
FMCG 
Manufacturing 
FMCG 
N 
68 
20 
68 
20 
68 
20 
68 
20 
68 
20 
68 
20 
68 
20 
68 
20 
68 
20 
68 
20 
Mean 
7.10 
6.50 
25.11 
22.00 
29.67 
36.00* 
9.66 
15.95* 
14.73 
15.00 
2.88 
3.07 
3.56 
5.05* 
5.52 
8.00* 
2.69* 
2.00 
2.50* 
.0000 
Std. 
Deviation 
3.41 
3.00 
7.58 
3.32 
5.44 
4.25 
3.50 
4.63 
5.05 
3.64 
2.04 
1.55 
1.83 
2.32 
2.62 
2.47 
1.38 
.97 
1.59 
.00 
*There is a significant difference in the mean values of these metrics 
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Independent Samples Test 
Metrics 
Total Supply chain cost ( % of sales) 
In-bound transportation cost ( % TSCC) 
Out-bound transportation cost ( % of TSCC) 
Ware-housing Cost ( % of TSCC) 
Inventory carrying Cost- ( % of TSCC) 
Cost of transit losses ( % of TSCC) 
Cost of damages ( % of TSCC) 
Other Costs ( Insurance, freight, clearance) 
(% of TSCC) 
Return Inventory Cost 
Return Processing Cost 
t 
.71 
1.78 
-4.77 
-6.53 
-.21 
-.38 
-2.98 
-3.74 
2.08 
7.01 
df 
86 
86 
86 
86 
86 
86 
86 
86 
86 
86 
Sig (2-tailed) 
.47 
.07 
.00* 
.00* 
.82 
.69 
.00* 
.00* 
.04* 
.00* 
* The significance value is less than 0.05, for Out-bound transportation cost, ware-
housing cost, cost of damages, other costs (Insurance, freight & clearance). Return 
inventory cost and Return processing cost. 
3. Quality metrics 
The significance value is less than 0.05 for % of on-time deliveries and % of 
supply made as per the quantity ordered, so we reject the null hypothesis for these 
costs and conclude that there is a significant difference in the mean for these items. 
For example, as for as % of on time deliveries is concerned the FMCG sector has a 
higher mean (97.00) than the quantity manufacturing sector. % of supply made as per 
the quantity ordered also FMCG has a higher mean (97.95) than the manufacturing 
sector. (Table 5.5) 
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Table 5.5 No significant difference in the mean of Quality metrics 
Metrics 
% of on-Time deliveries 
% of supply made ass per the quantity 
ordered 
% of supply on desired quality 
Nature of 
business 
Manufacturing 
FMCG 
Manufacturing 
FMCG 
Manufacturing 
FMCG 
N 
68 
20 
68 
20 
68 
20 
Mean 
92.60 
97.00* 
95.48 
97.95* 
97.48 
97.95 
Std. 
Deviation 
5.78 
3.06 
4.57 
2.08 
3.36 
1.82 
* There is a significant difference in the mean values of these metrics 
Independent Samples Test 
Metrics 
% of on-Time deliveries 
% of supply made as per the quantity 
ordered 
% of supply on desired quality 
t 
-3.25 
-2.32 
-.592 
df 
86 
86 
86 
Sig. (2-tailed) 
.00* 
.02* 
.55 
* The significance value is less than 0.05 for % of on-time deliveries and % of 
supply made as per the quantity ordered 
4. Assets metrics 
The significance value is greater than 0.05 for all and so we accept the null 
hypothesis. Raw material inventory holding, Work in process inventory holding, 
Finished goods inventory holding and Inventory turnover, these are no significant 
differences in the mean of assets metrics. (Table 5.6) 
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Table 5.6 No significant difference in the mean of Assets metrics 
Metrics 
Raw Material inventory holding (Days) 
Work in process inventory holding (Days) 
Finished goods inventory holding (Days) 
Inventory Turnover (No. of Turns) 
Nature of 
business 
Manufacturing 
FMCG 
Manufacturing 
FMCG 
Manufacturing 
FMCG 
Manufacturing 
FMCG 
N 
68 
20 
68 
20 
68 
20 
68 
20 
Mean 
20.29 
16.00 
9.45 
6.55 
11.66 
15.50 
17.77 
18.95 
Std. 
Deviation 
11.43 
9.89 
8.18 
5.47 
9.02 
10.80 
6.58 
5.89 
Independent Samples Test 
Metrics 
Raw Material inventory holding (Days) 
Work in process inventory holding (Days) 
Finished goods inventory holding (Days) 
Inventory Turnover (No. of Turns) 
t 
1.51 
1.49 
-1.59 
-.715 
df 
86 
86 
86 
86 
Sig. (2-tailed) 
.13 
.14 
.11 
.47 
5. Logistics cost 
The significance value is greater than 0.05 and so we accept the null 
hypothesis, ie., no significant difference in the mean of logistics cost between 
manufacturing and FMCG sector. (Table 5.7) 
Table 5.7 No significant difference in the mean of Logistics cost 
Logistics Cost 
Nature of business 
Manufacturing 
FMCG 
N 
68 
20 
Mean 
54.79 
58.00 
Std. Deviation 
9.92 
3.56 
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Independent Samples Test 
Logistics Cost 
t 
-1.41 
df 
86 
Sig. (2-tailed) 
.16 
1. Cycle time metrics 
From table 5.3 it is amply clear that significance difference exists between the 
companies belonging to FMCG and manufacturing groups, as for cash-to-cash cycle 
time and supply chain flexibility metrics are concerned and concluded that in cash-
to-cash cycle time manufacturing group performed comparatively better than FMCG. 
Whereas in supply chain flexibility metrics is concerned, FMCG results are better 
than manufacturing. All other metrics, no significant differences exists between the 
FMCG and manufacturing companies. 
2. Cost metrics 
From table 5.4 it is amply clear that significance difference exists between the 
companies belonging to FMCG and manufacturing groups, as for as out-bound 
transportation cost, ware-housing cost, cost of damages, return inventory cost and 
return processing cost are concerned. In out-bound transportation cost, ware-housing 
cost, and cost of damages, manufacturing group faired comparatively better than 
FMCG. Whereas, in return inventory cost and return processing cost, FMCG group 
performed comparatively better than manufacturing segments. In all other metrics, 
there are no significant differences between the manufacturing and FMCG. 
3. Quality metrics 
From table 5.5, it was found that there are significant differences exists in % 
of on - time deliveries and % of supply made as per the quantity ordered metrics. In 
both the metrics, FMCG segment faired comparatively better than manufacturing 
segments. In other metrics there were no significant difference between the 
manufacturing and FMCG segments. 
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4. Assets metrics 
From table 5.6, it was found that as for as raw material inventory holding, 
finished goods inventory holding and inventory turnover metrics are concerned, there 
were no significant differences exists between the FMCG and manufacturing 
segments. Hence, it may be stated that both the FMCG and manufacturing are 
performing at par, with respect to these metrics. 
5. Logistics cost-metrics 
From table 5.7, it was found that as for as logistics cost metric is concerned, 
there is no significant difference between the FMCG and manufacturing segments. 
Thus, it may be stated that with regard to logistics cost metric, both the FMCG and 
manufacturing are performing at par. 
The main highlights of the results presented in Table 5.8 are as under T-test 
results. 
1. No significant difference in the mean values of metrics between 
manufacturing and FMCG groups. 
(i) Procurement cycle time (ii) Production cycle time (iii) Delivery time (iv) 
Total cycle time (v) Total supply chain cost (% of sales) (vi) In-bound transportation 
cost (% of TSCC) (vii) Inventory carrying cost (viii) Cost of transit losses (ix) % of 
supply on desired quality (x) Raw material Inventory holding (xi) Work in process 
Inventory holding (xii) Finished goods Inventory holding (xiii) Inventory turnover 
(xiv) logistics cost (In-bound -i- Out-bound). 
2. However, significant differences in the mean values of following metrics 
were observed (Between manufacturing and FMCG groups). 
(i) Cash-to-cash cycle time (ii) Supply chain flexibihty (%) (iii) Out-bound 
transportation cost (iv) Ware-housing cost (v) Cost of damages (vi) Other costs 
(Insurance Freight, Clearance) (vii) Return Inventory cost (viii) Return processing 
cost (ix) % of on-time deliveries (x) % of supply as per the quantity ordered. 
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Table 5.8 T-test results (Independent samples) 
Metrics 
Procurement cycle time (No. of days) 
Production cycle time (No. of days) 
Delivery Time 
Total cycle time 
Cash-to-Cash cycle time 
Supply chain flexibility (%) 
Total supply chain cost (% of sales) 
In-bound transportation (% of TSCC) 
Out-bound transportation (% of TSCC) 
Ware-housing cost (% of TSCC) 
Inventory carrying cost (% of TSCC) 
Cost of transit losses (% of TSCC) 
Cost of damages (% of TSCC) 
Other costs (Insurance, freight, & 
clearance) 
Return Inventory cost 
Return processing cost 
% of on-time deliveries 
% of supply made as per the quantity 
ordered 
% of supply on desired quality 
Raw material Inventory holding (days) 
Work in process Inventory holding 
Finished goods Inventory holding 
Inventory Turnover (No. of turns) 
Logistics cost: (% of TSCC) 
t 
0.35 
0.19 
0.21 
0.39 
2.87 
-2.05 
0.712 
1.782 
-4.77 
-6.53 
-0.21 
-0.38 
-2.98 
-3.74 
2.082 
7.016 
-3.25 
-2.32 
-0.59 
1.51 
1.49 
-1.59 
-0.71 
-1.41 
df 
86 
86 
86 
86 
86 
86 
86 
86 
86 
86 
86 
86 
86 
86 
86 
86 
86 
86 
86 
86 
86 
86 
86 
86 
Sig. 
(2 tailed) 
0.72 
0.84 
0.83 
0.69 
0.00 
0.04 
0.47 
0.07 
0.00 
0.00 
0.82 
0.69 
0.00 
0.00 
0.04 
0.00 
0.00 
0.02 
0.55 
0.13 
0.14 
0.11 
0.47 
0.16 
Remarks 
NS* 
NS 
NS 
NS 
S* 
s 
NS 
NS 
S 
s 
NS 
NS 
S 
s 
s 
s 
s 
s 
NS 
NS 
NS 
NS 
NS 
NS 
*NS - Non-significant 
*S - Significant 
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5.2.3 Conclusions based on F-test results (Anova) 
F-test (Anova) - one way was used to investigate the differences in the means 
of metrics between manufacturing groups, on each of the 24 metrics, under 5 major 
dimensions are presented in Table 5.9. 
1. Cycle time metrics 
The F-value is 6.986 and the significance value is less than 0.05 for 
production cycle time so we reject the null hypothesis for these cycle time metrics 
and conclude that there is a significant difference in the mean for these items. For 
example, as for as production cycle time is concerned the engineering segment has a 
higher mean (25.11) that the other manufacturing segments. Similarly, cash-to-cash 
cycle time, auto and components segment has a higher mean (63.75) than the other 
manufacturing segments. A supply chain flexibility (%), auto & auto component 
have a higher mean (15) than the other segments. All other metrics under cycle time 
no significance difference in the mean values. (Table 5.9) 
Table 5.9 Mean values of Cycle time metrics 
Metrics 
Procurement 
Cycle (No. of 
Days) 
Production 
Cycle time 
(No. of Days) 
Delivery Time 
(No. of Days) 
Segments 
Auto & Auto 
Components 
Electronics 
White goods 
Engineering 
Total 
Auto & Auto 
Components 
Electronics 
White goods 
Engineering 
Total 
Auto & Auto 
Components 
Electronics 
N 
20 
12 
19 
17 
68 
20 
12 
19 
17 
68 
20 
12 
Mean 
20.00 
21.00 
15.00 
22.05 
19.29 
9.05 
10.25 
10.26 
25.11* 
13.61 
7.30 
6.08 
S.D. 
16.32 
13.09 
11.70 
15.80 
14.42 
10.17 
7.47 
11.59 
16.20 
13.50 
3.55 
2.42 
Minimum 
3.00 
7.00 
3.00 
5.00 
3.00 
2.00 
3.00 
3.00 
3.00 
2.00 
3.00 
3.00 
Maximum 
56.00 
45.00 
45.00 
56.00 
56.00 
45.00 
30.00 
45.00 
60.00 
60.00 
16.00 
10.00 
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Metrics 
Total cycle 
time (No. of 
Days) 
Cash-to-Cash 
Cycle time 
(No. of Days) 
Supply chain 
Flexibility % 
Segments 
White goods 
Engineering 
Total 
Auto & Auto 
Components 
Electronics 
White goods 
Engineering 
Total 
Auto & Auto 
Components 
Electronics 
White goods 
Engineering 
Total 
Auto & Auto 
Components 
Electronics 
White goods 
Engineering 
Total 
N 
19 
17 
68 
20 
12 
19 
17 
68 
20 
12 
19 
17 
68 
20 
12 
19 
17 
68 
Mean 
7.00 
8.17 
7.22 
40.40 
54.58 
33.00 
52.23 
43.79 
63.75* 
60.00 
37.00 
59.00 
54.42 
15.00* 
10.00 
9.00 
11.05 
11.45 
S.D. 
3.16 
3.39 
3.23 
25.51 
34.07 
23.76 
31.09 
28.86 
23.45 
33.23 
19.84 
27.87 
27.41 
6.43 
4.76 
3.44 
7.85 
6.26 
Minimum 
3.00 
3.00 
3.00 
8.00 
10.00 
8.00 
10.00 
8.00 
16.00 
30.00 
7.00 
18.00 
7.00 
6.00 
5.00 
5.00 
4.00 
4.00 
Maximum 
14.00 
14.00 
16.00 
104.00 
110.00 
90.00 
96.00 
110.00 
96.00 
120.00 
72.00 
106.00 
120.00 
28.00 
20.00 
15.00 
30.00 
30.00 
* Higher mean values for these metrics within manufacturing segment. 
Metrics 
Procurement 
Cycle (No. of 
Days) 
Production Cycle 
time (No. of Days) 
Delivery Time 
(No. of Days) 
Segments 
Between 
Groups 
Within Groups 
Total 
Between 
Groups 
Within Groups 
Total 
Between 
Groups 
Within Groups 
Total 
Sum of 
Squares 
525.17 
13410.94 
13936.11 
3015.41 
9208.64 
12224.05 
32.10 
669.58 
701.69 
df 
3 
64 
67 
3 
64 
67 
3 
64 
67 
Mean 
Square 
175.05 
209.54 
1005.13 
143.88 
10.70 
10.46 
F-
vaiue 
.83 
6.98 
1.02 
Sig. 
.47 
.00* 
.38 
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Metrics 
Total cycle time 
(No. of Days) 
Cash-to-Cash 
Cycle time (No. of 
Days) 
Supply chain 
Flexibility % 
Segments 
Between 
Groups 
Within Groups 
Total 
Between 
Groups 
Within Groups 
Total 
Between 
Groups 
Within Groups 
Total 
Sum of 
Squares 
5052.34 
50776.77 
55829.11 
8236.88 
42129.75 
50366.63 
393.92 
2236.94 
2630.86 
df 
3 
64 
67 
3 
64 
67 
3 
64 
67 
Mean 
Square 
1684.11 
793.38 
2745.62 
658.27 
131.30 
34.95 
F-
value 
2.12 
4.17 
3.75 
Sig. 
.10 
.00* 
.01* 
* The significance value is less than 0.05 for production cycle time, cash-to-cash 
cycle time and supply chain flexibility (%). 
2. Cost metrics 
The F-value is 14.02 and the significance value is less than 0.05 for in-bound 
transportation cost so we reject the null hypothesis for these cost metrics and 
conclude that there is a significant difference in the mean for these items. For 
example. As for in-bound transportation cost is concerned, the engineering segment 
has a higher mean (33.05) than the other manufacturing segments. Similarly, out-
bound transportation cost, engineering segment has a higher mean (32.0) than the 
other manufacturing segments. Ware-housing cost, auto & components have a higher 
mean (12.65) than the other manufacturing segments. Inventory carrying cost, 
engineering segment has a higher mean (19.05) than the other manufacturing 
segments. Cost of transit losses. Auto & components segment has a higher mean 
(5.00) than the other manufacturing segments. Cost of damages auto & components 
segment has a higher mean (5.00) than the other manufacturing segments. Other cost, 
electronics segments has a higher mean (8.08) than the other manufacturing 
segments. Return inventory cost, auto & components segment has a higher mean 
(4.0) than the other manufacturing segments. Return processing cost, auto & 
components segment has a higher mean (4.0) than the other manufacturing segments. 
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It is concluded that except the total supply chain cost (% of sales) all other costs, the 
mean values are significantly different. (Table 5.10) 
Table 5.10 Mean values of cost metrics 
Metrics 
Total Supply 
chain cost ( % of 
sales) 
In-bound 
transportation 
cost 
( % TSCC) 
Out-bound 
transportation 
cost (% of 
TSCC) 
Ware-housing 
Cost (% of 
TSCC) 
Inventory 
carrying Cost-
(% of TSCC) 
Segments 
Auto & Auto 
Components 
Electronics 
White goods 
Engineering 
Total 
Auto & Auto 
Components 
Electronics 
White goods 
Engineering 
Total 
Auto & Auto 
Components 
Electronics 
White goods 
Engineering 
Total 
Auto & Auto 
Components 
Electronics 
White goods 
Engineering 
Total 
Auto & Auto 
Components 
Electronics 
White goods 
Engineering 
Total 
N 
20 
12 
19 
17 
68 
20 
12 
19 
17 
68 
20 
12 
19 
17 
68 
20 
12 
19 
17 
68 
20 
12 
19 
17 
68 
Mean 
6.85 
6.00 
8.10 
7.05 
7.10 
24.15 
22.00 
21.00 
33.05* 
25.11 
25.35 
31.50 
31.00 
32.00* 
29.67 
12.65* 
10.08 
9.05 
6.52 
9.66 
11.50 
18.08 
12.15 
19.05* 
14.73 
S.D 
3.31 
2.55 
4.40 
2.70 
3.41 
4.74 
4.51 
5.46 
8.42 
7.58 
3.61 
4.60 
5.87 
4.63 
5.44 
3.34 
3.47 
2.14 
1.54 
3.50 
2.03 
5.69 
3.83 
3.74 
5.05 
Minimum 
3.00 
2.00 
3.00 
2.00 
2.00 
12.00 
12.00 
10.00 
16.00 
10.00 
14.00 
24.00 
20.00 
24.00 
14.00 
7.00 
5.00 
6.00 
4.00 
4.00 
8.00 
5.00 
4.00 
12.00 
4.00 
Maximum 
14.00 
10.00 
18.00 
12.00 
18.00 
28.00 
28.00 
30.00 
44.00 
44.00 
28.00 
38.00 
40.00 
38.00 
40.00 
18.00 
18.00 
12.00 
9.00 
18.00 
14.00 
24.00 
18.00 
26.00 
26.00 
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Metrics 
Cost of transit 
losses (% of 
TSCC) 
Cost of damages 
(% of TSCC) 
Other Costs 
(Insurance, freight, 
clearance) 
(% of TSCC) 
Return Inventory 
Cost 
Return Processing 
Cost 
Segment 
Auto & Auto 
Components 
Electronics 
White goods 
Engineering 
Total 
Auto & Auto 
Components 
Electronics 
White goods 
Engineering 
Total 
Auto & Auto 
Components 
Electronics 
White goods 
Engineering 
Total 
Auto & Auto 
Components 
Electronics 
White goods 
Engineering 
Total 
Auto & Auto 
Components 
Electronics 
White goods 
Engineering 
Total 
N 
20 
12 
19 
17 
68 
20 
12 
19 
17 
68 
20 
12 
19 
17 
68 
20 
12 
19 
17 
68 
20 
12 
19 
17 
68 
Mean 
5.00* 
3.08 
3.00 
.11 
2.88 
5.00 
4.08 
4.00 
1.02 
3.56 
5.30 
8.08 
5.89 
3.58 
5.52 
4.00* 
2.50 
2.00 
2.05 
2.69 
4.00* 
2.00 
3.05 
.50 
2.50 
S.D 
1.41 
.79 
.81 
.33 
2.04 
.85 
1.24 
1.33 
.544 
1.83 
.97 
3.42 
2.87 
1.12 
2.62 
.85 
1.31 
.81 
1.43 
1.38 
1.25 
1.02 
.52 
.30 
1.59 
Minimum 
3.00 
2.00 
2.00 
.00 
.00 
4.00 
3.00 
2.00 
.00 
.00 
3.00 
1.00 
.50 
1.00 
.50 
3.00 
1.00 
1.00 
.00 
.00 
2.00 
.50 
2.00 
.00 
.00 
Maximum 
8.00 
4.00 
4.00 
1.00 
8.00 
6.00 
6.00 
6.00 
2.00 
6.00 
6.00 
12.00 
10.00 
5.00 
12.00 
6.00 
6.00 
4.00 
4.00 
6.00 
6.00 
4.00 
4.00 
1.00 
6.00 
Higher mean values for these metrics within manufacturing segment 
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Metrics 
Total Supply chain cost (% of 
sales) 
In-bound transportation cost 
(% TSCC) 
Out-bound transportation cost 
(% of TSCC) 
Ware-housing Cost ( % of 
TSCC) 
Inventory carrying Cost-
(% of TSCC) 
Cost of transit losses (% of 
TSCC) 
Cost of damages (% of TSCC) 
Other Costs (Insurance, 
freight, clearance) 
(% of TSCC) 
Segments 
Between 
Groups 
Within 
Groups 
Total 
Between 
Groups 
Within 
Groups 
Total 
Between 
Groups 
Within 
Groups 
Total 
Between 
Groups 
Within 
Groups 
Total 
Between 
Groups 
Within 
Groups 
Total 
Between 
Groups 
Within 
Groups 
Total 
Between 
Groups 
Within 
Groups 
Total 
Between 
Groups 
Within 
Groups 
Total 
Sum of 
Squares 
34.99 
747.28 
782.27 
1529.56 
2327.49 
3857.05 
539.33 
1447.55 
1986.88 
354.57 
466.64 
821.22 
787.85 
925.38 
1713.23 
220.37 
58.68 
279.05 
157.30 
67.65 
224.95 
145.91 
316.52 
462.44 
df 
3 
64 
67 
3 
64 
67 
3 
64 
67 
3 
64 
67 
3 
64 
67 
3 
64 
67 
3 
64 
67 
3 
64 
67 
Mean 
Square 
11.66 
11.67 
509.85 
36.36 
179.77 
22.61 
118.19 
7.29 
262.61 
14.45 
73.45 
.91 
52.43 
1.05 
48.63 
4.94 
F 
.99 
14.02 
7.94 
16.21 
18.16 
80.11 
49.60 
9.83 
Sig. 
.39 
.00* 
.00* 
.00* 
.00* 
.00* 
.00* 
.00* 
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Metrics 
Return Inventory Cost 
Return Processing Cost 
Segment 
Between 
Groups 
Within 
Groups 
Total 
Between 
Groups 
Within 
Groups 
Total 
Sum of 
Squares 
50.57 
77.94 
128.51 
121.79 
47.94 
169.74 
df 
3 
64 
67 
3 
64 
67 
Mean 
Square 
16.85 
1.21 
40.60 
.749 
F 
13.84 
54.19 
Sig. 
.00* 
.00* 
* Significance value is less than 0.05 for In-bound transportation cost, out-bound 
transportation cost, ware-housing cost, inventory carrying cost, cost of transit losses, 
cost of damages, other costs (Insurance, freight, clearance), return inventory cost, 
and return Processing cost. 
3. Quality metrics 
The F-value is 3.24 and the significance value is less than 0.05 for % of 
supply made as per the quantity, ordered, so we reject the null hypothesis for these 
quality metrics and conclude that there is a significant difference in the mean for 
these items. For example, as for % of supply made as per the quantity, ordered is 
concerned the electronics segment has a higher mean (98.08) than the other 
manufacturing segments. Similarly, % of supply on desired quality is concerned, 
electronics segment has a higher mean (100.00) than the other manufacturing 
segments. As for as % of on-time deliveries is concerned, no significant difference in 
the mean within manufacturing segments. (Table 5.11) 
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Table 5.11 Mean values of Quality metrics 
Metrics 
% of on-Time 
deliveries 
% of supply 
made as per 
the quantity 
ordered 
% of supply 
on desired 
quality 
Segments 
Auto & Auto 
Components 
Electronics 
White goods 
Engineering 
Total 
Auto & Auto 
Components 
Electronics 
White goods 
Engineering 
Total 
Auto & Auto 
Components 
Electronics 
White goods 
Engineering 
Total 
N 
20 
12 
19 
17 
68 
20 
12 
19 
17 
68 
20 
12 
19 
17 
68 
Mean 
93.55 
95.08 
92.10 
90.29 
92.60 
96.60 
98.08* 
94.00 
94.00 
95.48 
97.30 
100.00* 
96.10 
97.47 
97.48 
Std. 
Deviation 
5.28 
3.62 
6.48 
6.24 
5.78 
3.05 
2.06 
5.55 
5.24 
4.57 
2.88 
.00 
3.81 
3.74 
3.36 
Minimum 
84.00 
90.00 
75.00 
80.00 
75.00 
90.00 
95.00 
80.00 
85.00 
80.00 
90.00 
100.00 
90.00 
85.00 
85.00 
Maximum 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
Higher mean values for these metrics in manufacturing segment. 
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Metrics 
% of on-Time deliveries 
% of supply made as per 
the quantity ordered 
% of supply on desired 
quality 
Segments 
Between 
Groups 
Within 
Groups 
Total 
Between 
Groups 
Within 
Groups 
Total 
Between 
Groups 
Within 
Groups 
Total 
Sum of 
Squares 
187.09 
2057.18 
2244.27 
185.26 
1219.71 
1404.98 
112.76 
644.22 
756.98 
df 
3 
64 
67 
3 
64 
67 
3 
64 
67 
Mean 
Square 
62.36 
32.14 
61.75 
19.05 
37.58 
10.06 
F 
1.94 
3.24 
3.73 
Sig. 
.13 
.02* 
.01* 
* Significance value is less than 0.05 % of supply made as per the quantity ordered 
and % of supply on desired quality. 
4. Assets metrics 
The F-value is 10.64 and the significance value is less than 0.05 for work in 
process inventory holding so we reject the null hypothesis for these assets metrics 
and conclude that there is a significant difference in the mean for these items. For 
example, as for work in process inventory holding is concerned the engineering 
segment has a higher mean (17.52) than the other manufacturing segments. 
Similarly, as for finished goods inventory holding is concerned, white goods segment 
has a higher mean (16.05) than the other manufacturing segments. All other metrics 
are concerned there is no significant difference in the mean values within 
manufacturing segments. (Table 5.12) 
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Table 5.12 Mean values of Assets metrics 
Metrics 
Raw Material 
inventory 
holding (Days) 
Work in 
process 
inventory 
holding (Days) 
Finished goods 
inventory 
holding (Days) 
Inventory 
Turnover (No. 
of Turns) 
Segments 
Auto & Auto 
Components 
Electronics 
White goods 
Engineering 
Total 
Auto & Auto 
Components 
Electronics 
White goods 
Engineering 
Total 
Auto & Auto 
Components 
Electronics 
White goods 
Engineering 
Total 
Auto & Auto 
Components 
Electronics 
White goods 
Engineering 
Total 
N 
20 
12 
19 
17 
68 
20 
12 
19 
17 
68 
20 
12 
19 
17 
68 
20 
12 
19 
17 
68 
Mean 
19.05 
22.08 
18.05 
23.00 
20.29 
7.15 
5.75 
7.00 
17.52* 
9.45 
10.80 
12.00 
16.05* 
7.52 
11.66 
18.20 
15.00 
18.84 
18.05 
17.77 
Std. 
Deviation 
13.49 
5.712 
11.74 
11.64 
11.43 
5.29 
3.27 
6.00 
10.29 
8.18 
7.69 
7.55 
12.58 
3.39 
9.02 
7.91 
4.04 
5.62 
7.25 
6.58 
Minimum 
2.00 
12.00 
4.00 
3.00 
2.00 
3.00 
2.00 
2.00 
3.00 
2.00 
2.00 
4.00 
2.00 
3.00 
2.00 
6.00 
10.00 
12.00 
5.00 
5.00 
Maximum 
45.00 
30.00 
45.00 
36.00 
45.00 
21.00 
12.00 
24.00 
36.00 
36.00 
30.00 
25.00 
40.00 
14.00 
40.00 
30.00 
24.00 
30.00 
31.00 
31.00 
Higher mean values foe these metrics in manufacturing segment. 
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Metrics 
Raw Material inventory 
holding (Days) 
Work in process 
inventory holding (Days) 
Finished goods inventory 
holding (Days) 
Inventory Turnover 
(Turns) No. of times 
Segments 
Between 
Groups 
Within 
Groups 
Total 
Between 
Groups 
Within 
Groups 
Total 
Between 
Groups 
Within 
Groups 
Total 
Between 
Groups 
Within 
Groups 
Total 
Sum of 
Squares 
289.30 
8470.81 
8760.11 
1493.83 
2995.03 
4488.86 
672.838 
4788.38 
5461.22 
119.02 
2782.66 
2901.69 
df 
3 
64 
67 
3 
64 
67 
3 
64 
67 
3 
64 
67 
Mean 
Square 
96.43 
132.35 
497.94 
46.79 
224.27 
74.81 
39.67 
43.47 
F-
value 
.72 
10.64 
2.99 
.912 
Sig. 
.53 
.00* 
.03* 
.440 
* Significance value is less than 0.05 for work in process inventory holding and 
finished goods inventory holding. 
5. Logistics cost 
The F-value is 13.17 and the significance value is less the 0.05 for logistics 
cost so we reject the null hypothesis and conclude that there is a significant 
difference existing in the mean of logistics cost. For example, logistics cost is 
concerned, the engineering segment has a higher mean (65.05) than the other 
manufacturing segments. (Table 5.13) 
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Table 5.13 Mean values of Logistics Cost 
Segment 
Auto & Auto 
Components 
Electronics 
White goods 
Engineering 
Total 
N 
20 
12 
19 
17 
68 
Mean 
49.50 
53.50 
52.00 
65.05* 
54.79 
Std. Deviation 
7.88 
2.84 
6.80 
11.11 
9.92 
Minimum 
26.00 
50.00 
38.00 
40.00 
26.00 
Miaximum 
56.00 
60.00 
60.00 
80.00 
80.00 
* Higher mean value for this metric in manufacturing segment 
Segment 
Between Groups 
Within Groups 
Total 
Sum of Squares 
2520.17 
4080.94 
6601.11 
df 
3 
64 
67 
Mean Square 
840.05 
63.765 
F 
13.17 
Sig. 
.00* 
* Significance value is less than 0.05 for logistics cost, Between Groups. 
1. Cycle time metrics 
From table 5.9 it is amply clear that significant difference exists between the 
companies belonging to manufacturing segments. As for production cycle time, cash-
to-cash cycle time and supply chain flexibility metrics are concerned, there were 
significant differences exists between manufacturing segments. In production cycle 
time metrics, auto & components, electronics & white goods faired comparatively 
better than engineering segments. Similarly, cash-to-cash cycle time, electronics, 
white goods and engineering segments performed comparatively better than auto & 
components segment. In supply chain flexibility, auto & components segment 
performed comparatively better than electronics, white goods and engineering 
segments. In other metrics there were no significant differences exists between 
manufacturing segments. 
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2. Cost metrics 
From Table 5.10, shows that as for as In-bound transportation cost, out-bound 
transportation, ware-housing, inventory carrying cost, cost of transit losses, cost of 
damages, other costs are concerned, significant differences exists between the 
manufacturing segments. In ware-housing cost, cost of transit losses, cost of 
damages, return inventory cost and return processing engineering and white goods 
segments faired comparatively better than auto and auto components segments. In-
bound transpiration cost, out-bound transportation cost and inventory carrying cost, 
auto, components, & electronics segments performed better than engineering 
segments. In other cost which includes Insurance, freight and clearance, auto & 
components, white goods and engineering segments faired comparatively better than 
electronics segments. 
3. Quality metrics 
From table 5.11, it was found that % of supply made as per the quantity 
ordered and % of supply on desired quality metrics are concerned, there were 
significant differences exists between the manufacturing segments. In both the 
metrics, electronics segment faired comparatively better than other segments in the 
manufacturing group % of on-time deliveries are concerned, no significant 
differences exists between the manufacturing groups. 
4. Assets metrics 
From table 5.12, it was observed that as for as work in process and finished 
goods is concerned, there were significant differences exist between the 
manufacturing groups. In work-in-process inventory metrics, auto & components, 
electronics and white goods segments performed comparatively better than 
engineering segment. Similarly, in finished goods inventory, auto & auto 
components, electronics and engineering segments faired comparatively better than 
white goods segments. In all other metrics there were no significant differences 
noticed between the manufacturing segments. 
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5. Logistics cost metrics 
From the above table 5.13, it was found that there is a significant difference 
existing between the manufacturing segments on logistics cost. In logistics cost 
metrics, auto & components, electronics and white goods segments performed 
comparatively better than engineering segment. 
The main highlights of the results presented in Table 5.14 are as under. 
1. No significant differences in the mean values of metrics between manufacturing 
segments. 
(i) Procurement cycle time (ii) Delivery cycle time (iii) Total cycle time (vi) Total 
supply chain cost (v) % of on-time deliveries (vi) Raw material Inventory holding 
(vii) Inventory turnover. 
2. However, significant difference observed in the mean values of the following 
metrics (Between manufacturing segments). 
(i) Production cycle time (ii) Cash-to-cash cycle time (iii) Supply chain 
flexibility (%) (vi) In-bound transportation cost (% TSCC) (v) Out-bound 
transportation cost (vi) Ware-housing cost (vii) Inventory carrying cost (viii) Cost of 
transit losses (ix) Cost of damages (x) Other costs (Insurance, Freight & Clearance) 
(xi) Return Inventory cost (xii) Return processing cost (xiii) % of supply made as per 
the Quantity, ordered, (xiv) % of supply on designed quality (xv) Work in process 
inventory holding (xvi) Finished goods inventory holding (xvii) Logistics cost (In-
bound + Out-bound) 
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Table 5.14 F-test (Independent samples) results 
Metrics 
Procurement cycle time (No. of days) 
Production cycle time (No. of days) 
Delivery Time 
Total cycle time 
Cash-to-Cash cycle time 
Supply chain flexibility (%) 
Total supply chain cost (% of sales) 
In-bound transportation (% of TSCC) 
Out-bound transportation (% of TSCC) 
Ware-housing cost (% of TSCC) 
Inventory carrying cost (% of TSCC) 
Cost of transit losses (% of TSCC) 
Cost of damages (% of TSCC) 
Other costs (Insurance, freight, & 
clearance) 
Return Inventory cost 
Return processing cost 
% of on-time deliveries 
% of supply made as per the quantity 
ordered 
% of supply on desired quality 
Raw material inventory holding (days) 
Work in process inventory holding 
Finished goods inventory holding 
Inventory Turnover (No. of turns) 
Logistics cost: (% of TSCC) 
F-value 
0.83 
6.98 
1.02 
2.12 
4.17 
3.75 
0.99 
14.02 
7.94 
16.21 
18.16 
80.11 
49.60 
9.83 
13.84 
54.19 
1.94 
3.24 
3.73 
0.72 
10.64 
2.99 
0.91 
13.17 
df 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
Level of 
Sig. 
0.47 
0.00 
0.38 
0.10 
0.00 
0.01 
0.39 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.13 
0.02 
0.01 
0.53 
0.00 
0.03 
0.44 
0.00 
Remarks 
NS* 
s* 
NS 
NS 
S 
S 
NS 
s 
s 
s 
s 
s 
s 
s 
s 
s 
NS 
S 
s 
NS 
s 
s 
NS 
S 
*NS - Non-significant 
*S - Significant 
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5.2.4 Conclusions based on Correlation and Regression analysis Test 
results 
Correlation and Regression analysis were used for testing the association of 
variables and for goodness of fit respectively. 
1. Cycle time metrics 
Total cycle time (No. of days) was considered as dependent variable, the 
three variables such as cash - to - cash cycle time, delivery time, and production 
cycle time explain 80.6% of the variation in the dependent variable. The remaining 
19.4% of the variation is due to measurement error. Since the significance value of 
0.00 is less than 0.05 we can conclude that the regression model is a good fit (Table 
5.15). 
Table 5.15 Correlation and Regression Analysis for Cycle time metrics 
Model 
1 
2 
3 
Variables 
Entered 
Cash-to-Cash 
Cycle time (No. 
of Days) 
Delivery Time 
(No. of Days) 
Production 
Cycle time (No. 
of Days) 
Variables 
Removed Method 
Stepwise (Criteria: Probability-of-F-to-
enter 
<= .050, 
Probability-of-F-to-remove >= .100). 
Stepwise (Criteria: Probability-of-F-to-
enter <= 
.050, Probability-of-F-to-remove >= 
.100). 
Stepwise (Criteria: Probability-of-F-to-
enter <= .050, 
Probability-of-F-to-remove >= .100). 
a. Dependent Variable: Total cycle time (No. of Days) 
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Model Summary 
Model 
1 
2 
3 
R 
.841(a) 
.875(b) 
.898(c) 
R Square 
.70 
.76 
.80 
Adjusted R Square 
.70 
.75 
.79 
Std. Error of the Estimate 
14.94 
13.45 
12.30 
a. Predictors: (Constant), Cash-to-Cash Cycle time (No. of Days) 
b. Predictors: (Constant), Cash-to-Cash Cycle time (No. of Days), Delivery 
Time (No. of Days) 
c. Predictors: (Constant), Cash-to-Cash Cycle time (No. of Days), Delivery 
Time (No. of Days), Production Cycle time (No. of Days) 
The three variables explain 80.6% of the variation in the dependent variable. 
Model 
1 
2 
3 
Variable 
Regression 
Residual 
Total, 
Regression 
Residual 
Total 
Regression 
Residual 
Total 
Sum of Squares 
46250.32 
19208.12 
65458.44 
50061.30 
15397.14 
65458.44 
52729.87 
12728.57 
65458.44 
df 
1 
86 
87 
2 
85 
87 
3 
84 
87 
Mean Square 
46250.32 
223.35 
25030.65 
181.14 
17576.62 
151.53 
F 
207.07 
138.18 
115.99 
Sig. 
.000(a) 
.000(b) 
.000(c) 
a. Predictors: (Constant), Cash-to-Cash Cycle time (No. of Days) 
b. Predictors: (Constant), Cash-to-Cash Cycle time (No. of Days), Delivery 
Time (No. of Days) 
c. Predictors: (Constant), Cash-to-Cash Cycle time (No. of Days), Delivery 
Time (No. of Days), Production Cycle time (No. of Days) 
d. Dependent Variable: Total cycle time (No. of Days) 
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Since the significance value of 0.00 is less than 0.05, we can conclude that 
the regression model is a good fit. 
Coefficients(a) 
Model 
1 
2 
3 
Variables 
(Constant) 
Cash-to-Cash Cycle 
time (No. of Days) 
(Constant) 
Cash-to-Cash Cycle 
time (No. of Days) 
Delivery Time (No. of 
Days) 
(Constant) 
Cash-to-Cash Cycle 
time (No. of Days) 
Delivery Time (No. of 
Days) 
Production Cycle time 
(No. of Days) 
Unstandardized 
Coefficients 
B 
1.21 
.83 
-9.26 
.69 
2.49 
-7.00 
.54 
2.17 
.53 
Std. 
Error 
3.32 
.05 
3.76 
.06 
.54 
3.48 
.06 
.50 
.12 
Standardized 
Coefficients 
Beta 
.84 
.69 
.28 
.54 
.24 
.26 
t 
.36 
14.39 
-2.46 
11.20 
4.58 
-2.01 
8.26 
4.32 
4.19 
Sig. 
.71 
.00 
.01 
.00 
.00 
.04 
.00 
.00 
.00 
a. Dependent Variable: Total cycle time (No. of Days) 
Regression Equation is: 
Total Cycle time = 1.21-i-0.83(cash-to-cash cycle time). 
Total Cycle time = -9.26-i-0.69(cash-to-cash cycle time) -i- 2.49(Delivery Time). 
Total Cycle time = -7.00-i-0.54(cash-to-cash cycle time) + 2.17(Delivery Time) -i-
0.53 (Production Cycle time). 
208 
2. Cost metrics 
Total supply chain cost is considered as dependent variable, the three 
variables such as inbound transportation cost, cost of transit losses and other costs 
explain 28.1% of the variation in the dependent variables. Since the significance 
value of 0.00 is less than 0.05, we can conclude that the regression model is a good 
fit (Table 5.16). 
B1 is a function of (b2, b6, b8) 
Variables Entered/ Removed (a) 
Table 5.16 Correlation and Regression Analysis for Cost metrics 
Model 
1 
2 
3 
Variables 
Entered 
In-bound 
transportation 
cost ( % TSCC) 
Cost of transit 
losses ( % of 
TSCC) 
Other Costs( 
Insu,freight,clea) 
(% of TSCC) 
Variables 
Removed 
Method 
Stepwise (Criteria: Probability-of-F-
to-enter <= .050, Probability-of-F-to-
remove >= .100). 
Stepwise (Criteria: Probability-of-F-
to-enter <= .050, Probability-of-F-to-
remove >= .100). 
Stepwise (Criteria: Probability-of-F-
to-enter <= .050, Probability-of-F-to-
remove >= .100). 
a. Dependent Variable: Total Supply chain cost ( % of sales) 
Model Summary 
Model 
1 
2 
3 
R 
.330(a) 
.478(b) 
.530(c) 
R Square 
.10 
.22 
.281 
Adjusted R Square 
.09 
.21 
.25 
Std. Error of the Estimate 
3.15 
2.95 
2.86 
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a. Predictors: (Constant), In-bound transportation cost (% TSCC) 
b. Predictors: (Constant), In-bound transportation cost (% TSCC), Cost of 
transit losses (% of TSCC) 
c. Predictors: (Constant), In-bound transportation cost (% TSCC), Cost of 
transit losses (% of TSCC), Other Costs (Insurance, freight, clearance) (% of 
TSCC) 
The three variables explain 28.1% of the variation in the dependent variable. 
ANOVA (d) 
Model 
1 
2 
3 
Regression 
Residual 
Total 
Regression 
Residual 
Total 
Regression 
Residual 
Total 
Sum of Squares 
104.30 
854.59 
958.89 
218.95 
739.94 
958.89 
269.15 
689.74 
958.89 
df 
1 
86 
87 
2 
85 
87 
3 
84 
87 
Mean Square 
104.30 
9.93 
109.47 
8.70 
89.71 
8.21 
F 
10.49 
12.57 
10.92 
Sig. 
.002(a) 
.000(b) 
.000(c) 
a. Predictors: (Constant), In-bound transportation cost ( % TSCC) 
b. Predictors: (Constant), In-bound transportation cost ( % TSCC), Cost of 
transit losses ( % of TSCC) 
c. Predictors: (Constant), In-bound transportation cost ( % TSCC), Cost of 
transit losses ( % of TSCC), Other Costs ( Insurance, freight, clearance) 
(% of TSCC) 
d. Dependent Variable: Total Supply chain cost ( % of sales) 
Since the significance value of 0.00 is less than 0.05, we can conclude that 
the regression model is a good fit. 
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Coefficients (a) 
Model 
1 
2 
3 
Variables 
(Constant) 
In-bound transportation 
cost ( % TSCC) 
(Constant) 
In-bound transportation 
cost ( % TSCC) 
Cost of transit losses ( % 
of TSCC) 
(Constant) 
In-bound transportation 
cost ( % TSCC) 
Cost of transit losses ( % 
of TSCC) 
Other Costs ( Insurance, 
freight, clearance) 
(% of TSCC) 
Unstandardized 
Coefficients 
B 
3.12 
.15 
-.23 
.21 
.63 
-2.01 
.23 
.56 
.28 
Std. 
Error 
1.23 
.049 
1.47 
.049 
.17 
1.60 
.04 
.17 
.11 
Standardized 
Coefficients 
Beta 
.33 
.45 
.36 
.48 
.32 
.23 
t 
2.53 
3.24 
-.15 
4.51 
3.62 
-1.25 
4.86 
3.28 
2.47 
Sig. 
.01 
.00 
.87 
.00 
.00 
.21 
.00 
.00 
.01 
a. Dependent Variable: Total Supply chain cost ( % of sales) 
The Regression equation is 
Total Supply chain cost =3.12-1-0.15(in bound transportation cost). 
Total Supply chain cost =-0.23-1-0.21 (in bound transportation cost)-i-0.63(Cost of 
transit losses) 
Total Supply chain cost =-2.01-i-023(in bound transportation cost)-(-0.56(Cost of 
transit losses)-(-0.28(other costs). 
211 
3. Quality metrics 
% of on - time deliveries is considered as dependent variable, of supply made 
as per the quantity ordered explain 41.9% of the variation in the dependent variable. 
Since the significance value of 0.00 is less than 0.05, we can conclude that the 
regression model is a good fit (Table 5.17). 
CI is a function of c2. 
Variables Entered/ Removed (a) 
Table 5.17 Correlation and Regression Analysis of Quality metrics 
Model 
1. 
a. D 
Variables Entered 
% of supply made as per 
the quantity ordered 
ependent Variable: % of on-' 
Variables 
Removed 
''ime deliveries 
Method 
Stepwise (Criteria: 
Probability-of-F-to-enter <= 
.050, Probability-of-F-to-
remove >= .100). 
Model Summary 
Model 
1 
R 
.648(a) 
R Square 
.419 
Adjusted R Square 
.41 
Std. Error of the 
Estimate 
4.28 
a. Predictors: (Constant), % of supply made ass per the quantity ordered 
The variable explains 41.9% of the variation in the dependent variable. 
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ANOVA (b) 
Model 
1. Regression 
Residual 
Total 
Sum of Squares 
1141.24 
1579.83 
2721.08 
df 
1 
86 
87 
Mean Square 
1141.24 
18.37 
F 
62.12 
Sig. 
.000(a) 
a. Predictors: (Constant), % of supply made ass per the quantity ordered 
b. Dependent Variable: % of on-Time deliveries 
Since the significance value of 0.000 is less than 0.05, we can conclude that 
the regression model is a good fit. 
Coefficients (a) 
Model 
1 
Variables 
(Constant) 
% of supply made as per the 
quantity ordered 
Unstandardized 
Coefficients 
B 
12.02 
.84 
Std. 
Error 
10.36 
.10 
Standardized 
Coefficients 
Beta 
.64 
t 
1.16 
7.88 
Sig. 
.24 
.00 
a. Dependent Variable: % of on-Time deliveries 
Regression equation is: 
% of on-time deliveries=12.02+0.84(% of supply made as per the quantity 
ordered) 
4. Assets metrics 
Inventory turnover (No. of turns) is considered as dependent variable. Raw 
material inventory holding (days) explain 17.0% of the variation in the dependent 
variable. Since the significance value of 0.00 is less than 0.05, we can conclude that 
the regression model is a good fit (Table 5.18). 
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D4 is a function of D1. 
Variables Entered/ Removed (a) 
Table 5.18 Correlation and Regression Analysis for Assets metrics 
Model 
1 
Variables 
Entered 
Raw 
Material 
inventory 
holding 
(Days) 
Variables 
Removed 
Method 
Stepwise (Criteria: Probability-of-F-to-
enter <= .050, Probability-of-F-to-remove 
>=.100). 
a. Dependent Variable: Inventory Turnover (No. of Turns) 
Model Summary 
Model 
1 
R 
.412(a) 
R Square 
.17 
Adjusted R Square 
.16 
Std. Error of the 
Estimate 
5.88 
a. Predictors: (Constant), Raw Material inventory holding (Days) 
The variable explains 17.0% of the variation in the dependent variable. 
ANOVA (b) 
Model 
1 Regression 
Residual 
Total 
Sum of Squares 
607.68 
2976.13 
3583.81 
df 
1 
86 
87 
Mean Square 
607.68 
34.60 
F 
17.56 
Sig. 
.000(a) 
a. Predictors: (Constant), Raw Material inventory holding (Days) 
b. Dependent Variable: Inventory Turnover (Turns) No. of times 
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Since the significance value of 0.00 is less than 0.05, we can conclude that 
the regression model is a good fit. 
Coefficients (a) 
Model 
1 
Variable 
(Constant) 
Raw Material inventory 
holding (Days) 
Unstandardized 
Coefficients 
B 
22.60 
-.23 
Std. 
Error 
1.25 
.05 
Standardized 
Coefficients 
Beta 
-.41 
t 
17.99 
-4.19 
Sig. 
.00 
.00 
a. Dependent Variable: Inventory Turnover (No. of Turns) 
The Regression equation is: 
Inventory Turnover=22.60 - 0.23(Raw material inventory holding). 
5.2.5 Conclusions based on Factor Analysis results 
The data was subjected to principal component analysis (PCA), a method 
categorized under the broad area of factor analysis. Principal components (PC) 
analysis all the variance in the items. Principal component analysis is generally 
considered the best method for the pragmatic purposes of data reduction with PCA, 
the 24 metrics of supply chain performance related, contained in part-Ill of the 
questionnaire were reduced to 7 metrics under 5 board dimensions, which were 
assigned names such cycle time, cost, quality, assets and logistics cost. In this study, 
Kaiser - Guttman rule, percentage of variance and cattell's scree plot were applied to 
determine the factors to extract in the final solution. 
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1) Cycle time metrics 
Production cycle time and procurement cycle time account for around 
79.17% of the variation. Varimax rotation with Kaiser Normalization was used and a 
rotation converged in 3 iterations. The Eigen values for these metrics were greater 
than one. 
2) Cost metrics 
Total supply chain cost, in - bound transportation cost and Out - bound 
transportation cost account for around 66.53% of the variation. Varimax rotation 
with Kaiser Normalization was used and a rotation converged in 4 iterations. The 
Eigen values of these metrics were greater than one. 
3) Quality / Service metrics 
% of on time deliveries account for around 59.87% of the variation. Varimax 
rotation with Kaiser Normalization was used and a rotation converged in one 
iteration. The Eigen value of this metric was greater than one. 
4) Assets Metrics 
Raw materials inventory holding account for around 58.45% of the variation. 
Varimax rotation with Kaiser Normalization was used and a rotation converged in 
one iteration. The Eigen value of this metric was greater than one. 
Hence the following metrics are considered as significant and retained for 
analysis (1) Total cycle time (2) Procurement cycle time (3) Total supply chain cost 
(4) In-bound transportation cost (5) Out-bound transportation cost (6) % of on time 
deliveries (7) Raw material inventory holding. 
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5.3 BEST PRACTICES IN SCM: Qualitative Analysis. 
The best practices were identified within the following functional areas. The 
practices were grouped under heads and respondents across the responded 
organizations were asked to identify (or) indicate the Best Practices that they 
normally undertake. 
a) Strategy 
• Out Sourcing non - core activities 
• Integration of SCM processes 
• Benchmarking SCM performance 
• SCM performance measurement 
• SCM as business driver. 
b) Marketing 
• Customer service measurement 
• Demand planning 
• Advanced forecasting tools 
• Postponement strategy 
• Pull strategy 
c) Procurement 
• Vendor rating 
• Self certified vendors 
• Annual vendor meet 
• Vendor managed inventory (VMI) 
• JIT suppliers 
• Early supplier involvement 
• MRP systems 
• Strategic supplier relationship 
<• Global sourcing 
*l* Single sourcing 
• E - Procurement 
• Standardization of similar part 
• Contract manufacturing 
• Target - costing 
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• Suppliers based relationship 
• Aggregate buying 
• Reverse auctions 
d) Manufacturing. 
• Preventive maintenance 
• Product layout 
• Set - up time reduction 
• Group technology 
• Lean manufacturing 
e) Quality 
• Quality improvement tools 
• Total quality management 
• IS / QS / TS certification 
• Statistical quality control 
• Self certification of products 
• Quality improvement of vendors 
• Failure mode effect analysis 
• Quality function deployment (QFD) 
• Six Sigma quality 
• Kaizen 
f) Logistics 
• Inventory & control 
• Outsourcing logistics 
• Traffic & transportation 
• Ware housing & storage 
*l* Tracking and tracking systems 
• Global logistics 
• E - Logistics 
• Reverse logistics 
*** Distribution resource planning systems 
• Milk run collections 
• Cross docking 
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g) Information Technology 
• ERP Systems 
• CAD/CAM 
• Web technology 
• Electronic data interchange (EDI) / fund transfer 
• SCM software 
• Bar coding 
• RFIB - identification tracking 
• CRM software 
• Global positioning system (GPS) 
• Warehouse management system. 
5.4 BEST PRACTICES ADOPTED IN SUPPLY CHAINS 
Of the companies contacted most of the companies already practicing one or 
more of the above mentioned best practices in their supply chains. Some of the 
companies already have taken many initiatives in the SCM performance 
improvement front. Some of the initiatives and its implications are shown in 
(Table 5.19) 
Table 5.19 Best Practices adopted in Supply Chains 
Sl.No 
1. 
2. 
3. 
4. 
5. 
6. 
Best Practices 
Just-in-supplies 
Electronic Data 
interchange (EDI) 
3 PL & 4 PL 
Logistics 
Rapid 
Communication 
Data 
Communication 
network 
Strong vendor base 
Improvements resulted in 
Reduction in Inventory and 
Lead time 
Reduction in Lead time, 
Improvements in Delivery and 
Service level 
Inventory Control, Cost 
Reduction, Improvement in 
supply chain efficiency 
Customer satisfaction and 
Business growth 
Faster communication. Fill rate. 
Order fulfillment 
Lead time reduction. Inventory 
Control, Meeting delivery 
Schedule 
Segments 
Auto, FMCG and 
Engineering. 
Auto, FMCG and 
White goods 
FMCG, White 
goods, Auto 
Auto, White 
goods, FMCG 
Auto, White 
goods, FMCG 
Engineering. 
Auto, Electronics, 
Engineering. 
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Sl.No 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
Best Practices 
Ship-to-line 
Self - Certified 
vendor 
Vendor Managed 
Inventory (VMI) 
Product Innovation 
and Resource 
Utilization 
Cross Docking 
Cash Collection 
Initiative (Advance 
from Customers for 
sales credit from 
vendors for 
procurement) 
e-Procurement 
Improvements resulted in 
Reduction in cost and time, 
Reduction in capital, space and 
Inventory 
Reduction in lead time, quality, 
cost, delays. 
Planning cycle time is reduced 
(from months to days) 
Better Fund Management, Cash 
Collection Cycle 
Enhances order fulfillment, 
Huge reduction in Inventory, 
Cost savings 
Reduction in Cash-to-cash cycle 
time 
Lead time reduction. 
Ordering cost reduction. 
Transparency and fairness. 
Segments 
Auto, FMCG, 
White goods. 
Engineering., 
Electronics 
Auto, Electronics, 
FMCG 
FMCG and Auto 
FMCG, White 
goods. Electronics, 
Auto 
FMCG, White 
goods. Auto 
FMCG, White 
goods 
All the segments 
5.5 COMPARISON OF MAJOR FINDINGS WITH LITERATURE 
Supply chain performance measurements conducted by previous researchers, 
and their major findings were compared with the present study. 
1. Performance measurement group (1999), reported the following findings. 
Delivery performance 85-95%, total logistics cost 3-13%, cash -to-cash cycle 
time 28-80 days, and asset turns 8-19 turns. 
2. Korgaonkar, M.G. (2001), has reported his findings as under: Total logistics 
in the country is estimated at 4.5% of sales. The average inventory turns is 
4.5 per year. Over 50% of the inventories are of raw materials. Nearly, 60% 
of logistics cost is in transportation (35%) and inventory carrying cost (25%), 
ware house cost (9%) and cost due to losses (14%) 
3. Shah (2003), has reported the following findings: Delivery performance to 
committed date 95% best, total logistics cost 3-8%, warranty and return 
processing costs not available. Cash-to-cash cycle time 28-46 days, and net 
asset turns 12-19 turns. 
220 
The previous research major findings were compared with the present study 
as shown in Table 5.20 
Table 5.20 Summary of major findings of previous and present studies 
Metrics 
DeHvery 
performance 
Total logistics 
cost 
Cash-to-cash 
cycle time 
Assets turns 
Inventory days 
of supply 
Production 
flexibility 
Inventory 
carrying cost 
Cost due to 
losses 
Performance 
measurement Group 
(1999) 
85-95% 
3-13% 
28-80 
8-19 
22-55 
20-30 
NA 
NA 
Korgaonkar, 
(2001) 
97-81% 
4-50% 
24-66 
4-5 
81 days 
NA 
25% 
14% 
Shah 
(2003) 
90-95% 
3-8% 
28-46 
12-19 
22-38 
NA 
NA 
NA 
Present 
study 
92-97% 
4% 
35-55 
17-19 
40 
11-15% 
15% 
3% 
NA - Not available 
From the above comparison, it is concluded that companies are aiming for 
supply chain performance improvements. SCM initiatives such as lean supply chain, 
lean manufacturing, electronic data interchange (EDI), e-Procurement, radio 
frequency identification (RFID), adaptation of information technology (IT) tools, 
scanners, automations and adaptive manufacturing certainly helps companies to 
improve supply chain performance. These initiatives have improved the following 
metrics. Delivery performance, total logistics cost, assets turns, inventory carrying 
cost and cost due to losses. In this context. Supply chain management (SCM) 
initiatives could be a competitive tool. Measuring the performance against industry 
standards and bench marking internally as well as globally, would go a long way. 
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SECTION - II 
5.6 DIRECTION FOR FUTURE RESEARCH 
On the basis of extensive literature survey as also insights gained during the 
course of the present study, the following recommendations can be made regarding 
directions for future research: 
1. There is a need for continued research in the area to keep track of the changes 
occurring in FMCG and manufacturing domains. This is all the more 
necessary as measuring supply chain performance is still in its stages of 
infancy in India. 
2. Instead of focusing on the two broad sectors, i.e., FMCG and discrete 
manufacturing, future researchers need to concentrate on sub-segments 
within two. Also other segments such as agro-products, leather, textile, 
continuous manufacturing etc may be studied. 
3. To gain a deeper understanding, it is suggested that detailed researches need 
to be carried out focusing on other metrics such as perfect order, % of sales 
from new product, cycle time of design to dispatches, order fill rate, supply 
chain flexibility (both up stream & down stream), demand management, 
forecasting accuracy etc identified during the course of the present study. 
4. Future researchers can perhaps improve upon the methodology adopted in the 
present study, for instance, they can administer questionnaires personally. It 
is hoped that this may lead to improvement in the quality of responses that 
could probably bring in more reliable and generalizable findings. 
5. There is a need to carry out comparative studies focusing companies that 
have successfully adopted supply chain performance measurements in 
countries like India, China and U.S.A. The same may not only add to the 
extant literature on the subject but may also enable the researchers in 
identifying areas where improvement can be affected on the basis of 
experiences of supply chain performance measurement in these countries. 
6. There is a need to Bench mark internally and globally to the extent possible. 
Researchers should establish the linkages between supply chain metrics and 
financial parameters. 
7. The sampling frame of the present study i.e., IIMM data bank, consisting of 
premier companies, may have given the study bias in favor of those 
companies who are members. Thus, future researchers need to make an 
attempt to remove this bias. 
8. The structured questionnaire approach used in the present study can be 
supplemented with case study method to gain better and deeper 
understanding. 
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APPENDIX - A 
COVER LETTER AND QUESTIONNAIRE FOR PILOT - TEST 
To 
M/s Ford India Ltd No : CHN/SC/0405 
Maraimala Nagar Dt : 22/05/04 
Channai-603204 
K/A Mr. H.Natarajan 
Mgr (SCM) 
Dear Natarajan, 
Well, I have enclosed herewith a copy of Questionnaire as part of data 
collection on supply Chain performance measurement .Kindly spend some time to 
fill up and sent the same back to the address given below at the earliest. All 
information furnished by you, will be strictly maintained as confidential. This is used 
for only Academic purpose. 
C.SENGOTTUVELU 
Manager (Subcontracts) 
BEL, Nanadambakkam, 
Chennai - 600 089 
email id rsengottuvelu _c@yahoo.com 
Thanking you with regards. 
Yours sincerely 
(C.SENGOTTUVELU) 
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PILOT TEST QUESTIONNAIRE FOR MENASURING 
SUPPLY CHAIN PE RFORMANCE 
SECTION I: COMPANY PROFILE 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
Name 
Address 
Tel/Fax/E-mail 
Industry Group 
Location of unit 
Products & services 
Contact/ Person / 
Designation in Division 
SECTION I I : BEST PRACTICES EMPLOYED 
(Tick in the Appropriate Column) 
A. Vendors 
1. Single Sourcing Concept 
2. Self-Certification 
3. Extension of Quality System 
4. Just in time supplies (Just In 
Time) 
5. Target costing 
6. Vendor rating 
7. Yearly contracts 
8. Negotiation on total cost 
concept 
9. Involvement at product 
development 
10. Vendor meet 
Yes No 
239 
A. Vendors Yes No 
B. System Yes No 
1. Bar cording 
2. Palletization 
3. Material handling equipment 
4. Material requirement planning (MRP) / Enterprise resource 
planning (ERP) System 
5. Supply chain management (SCM) system 
6. Intranet/Extra net 
7. Electronic data interchange (EDI) / Internet 
8. Group buying (Centralized purchase) 
9. Materials management manual 
10. Selective Inventory Control 
SECTION - III Supply chain management (SCM) Performance 
Sub Section - A 
1. Delivery performance to committed date 
2. a. No. of orders shipped with full quantities, 
b. Total no. of orders 
3. a. Order entry accuracy 
b. Warehouse pick accuracy 
c. Delivered on time 
d. Shipped without Damage 
e. Invoiced correctly 
4. Order fulfillment lead times (customer to customer) 
5. Production flexibility (supply chain response time) (Re-
plan demand and increase production by 20%) 
6. Total logistics Management costs 
a. Cost of material handling 
b. Cost of procurement 
c. Cost of Inventory 
d. Costs of Transportation, warehousing packaging order 
processing etc. 
7. Warranty Cost returns and allowances 
8. Value added per employee 
9. Inventor days of supply 
10 Cash-to cash cycle time 
11 Net asset turns (Working capital) 
% 
, Nos 
Nos 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
lakhs 
days 
days 
Turns 
Sub Section - B 
1. Inventory turnover (Runs/Turns) 
2. Manufacturing cycle times 
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3. Inventory replenishment cycle time 
4. Supply chain cycle time 
5. Through put efficiency of supply chain 
6. Value -added time 
7. End -to-End pipeline time 
Sub Section - C : Activity Based Costing 
a. Sales order processing 
b. Holding Inventory 
C. Assembly 
d. Packing and Transportation 
e. Delivery at Customers site 
f. Repairs, warranty costs etc. 
Sub Section - D 
Average lead time 
a. Procurement 'A' Class (local) days 
b. Procurement 'A' Class (imported) days 
c. Bill passing days 
d. Suppliers credit days 
e. Incoming Inspection days 
f. Clearing loaded vehicles at stores 
(Gate In/Out) days 
g. Material Issue days 
Sub Section - E : Inventory Analysis (Direct production items) 
a. ABC Analysis %VaIue %Items 
A 
B 
C 
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Sub Section - F 
1. Total shareholder return (TSR) 
a. Share price appreciation plus dividends 
2. Economic value added (EVA) 
a. Profit after tax 
b. True cost of capital employed 
3. Market value added (MVA) 
a. Stock price x issued shares 
b. Book value of total capital employed 
4. Earnings per share (EPS) 
a. Profit 
b. Total share capital issued 
5. Return on sales (ROS) 
a. Profit 
b. Total sales 
6. Return on capital employed (ROCE) 
a. Profit 
b. Total Investment 
7. Returns on Investment (ROI) 
a. Profit 
b. Total capital employed 
c. Movement % value of total inventory 
Fast moving 
Slow moving 
Non-moving 
d. Stock Discrepancy % value of Total Inventory 
Nil 
Excess 
Short 
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Sub Section - G : Business Cycle 
a. 
b. 
c. 
d. 
e. 
f. 
Order Processing 
Engineering 
Procurement 
Manufacturing 
Distribution 
Bill collection 
days 
days 
days 
days 
days 
days 
Sub Section - H : Supply Chain Mapping 
Process Days Inventory Days 
Sub Section -1 
The detailed analysis for product 
(Outbound +Inbound) is as follows 
SI. 
No. 
1. 
2. 
3. 
4. 
Cost 
Selling Price 
Profits and Taxes 
Cost of Delivered product (1-2) 
Raw material -Input cost 
Prod A 
(Rs./ unit) 
ProdB 
(Rs./ Unit) 
ProdC 
(Rs./Un) 
243 
SI. 
No. 
5. 
6. 
7. 
8. 
9/ 
10. 
11. 
Cost 
Value added (1-4) 
Controllable pot rum of Value added 
(3-4) 
a .Inventory finished goods 
b. Transportation (Primary) 
c. Packaging 
d. Transportation (Secondary) 
e. Go down cost 
f. Handing cost 
g. Losses 
Total logistics cost (a+...-i-g) 
Logistics cost /value added (%) 
Logistics cost/controllable portion of 
value added (%) 
Logistics cost/selling price(%) 
Prod A 
(Rs./ unit) 
ProdB 
(Rs./ Unit) 
ProdC 
(Rs./Un) 
Signature 
Name and designation 
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APPENDIX - B 
DELETION OF SOME OF THE METRICS 
SECTION III : SUPPLY CHAIN PERFORMANCE 
Sub Section - A 
1. Delivery performance to committed date % 
2. a. No. of orders shipped with full quantities Nos 
b. Total no. of orders Nos 
3. a. order entry accuracy % 
b. Warehouse pick accuracy % 
c. Delivered on time % 
d. Shipped without Damage % 
e. Invoiced correctly % 
4. Order fulfillment lead times (customer to customer) % 
5. Production flexibility (supply chain response time) (Re % 
plan demand and increase production by 20%) 
6. Total logistics Management costs 
a. Cost of material handling % 
b. Cost of procurement % 
c. Cost of Inventory % 
d. Costs of Transportation, warehousing packaging order % 
processing etc. 
7. Warranty Cost returns and allowances 
8. Value added per employee Rs. 
9. Inventor days of supply days 
10 Cash-to cash cycle time days 
11 Net asset turns (Working capital) Turns 
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Sub Section - B 
8. Inventory turnover (Runs/Turns) 
9. Manufacturing cycle times 
10. Inventory replenishment cycle time 
11. Supply chain cycle time 
12. Through put efficiency of supply chain 
a. Value -added time 
b. End -to-End pipeline time 
Sub Section - D 
Average lead time 
a. Procurement 'A' Class (local) days 
b. Procurement 'A' Class (imported) days 
c. Bill passing days 
d. Suppliers credit days 
e. Incoming Inspection days 
f. Clearing loaded vehicles at stores 
(Gate In/Out) days 
g. Material Issue days 
Sub Section - E : Inventory Analysis (Direct production items) 
a. ABC Analysis %Value %Items 
A 
B 
C 
Sub Section - F 
1. Total shareholder returns (TSR) 
b. Share price appreciation plus dividends 
2. Economic value added (EVA) 
c. Profit after tax 
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d. True cost of capital employed 
3. Market value added (MVA) 
c. Stock price x issued shares 
d. Book value of total capital employed 
4. Earnings per share (EPS) 
c. Profit 
d. Total share capital issued 
5. Return on sales (ROS) 
c. Profit 
d. Total sales 
6. Return on capital employed (ROCE) 
c. Profit 
d. Total Investment 
7. Returns on Investment (ROI) 
c. Profit 
d. Total capital employed 
b. Movement % value of total inventory 
Fast moving 
Slow moving 
No-moving 
c. Stock Discrepancy % Value of Total Inventory 
Nil 
Excess 
Short 
Sub Section - G : Business Cycle 
a. 
b. 
c. 
d. 
e. 
f. 
Order Processing 
Engineering 
Procurement 
Manufacturing 
Distribution 
Bill collection 
days 
days 
days 
days 
days 
days 
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Sub Section - H : Supply Chain IVIapping 
Process Days Inventory Days 
Sub Section -1 
The detailed analysis for product 
(Outbound +Inbound) is as follows : 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9/ 
10. 
11. 
Selling Price 
Profits and Taxes 
Cost of Delivered product (1-2) 
Raw material -Input cost 
Value added (1-4) 
Controllable pot rum of Value added 
(3-4) 
a .Inventory finished goods 
b. Transportation (Primary) 
c. Packaging 
d. Transportation (Secondary) 
e. Go down cost 
f. Handing cost 
g. Losses 
Total logistics cost (a+...-i-g) 
Logistics cost /value added (%) 
Logistics cost/controllable portion of 
value added (%) 
Logistics cost/selling price (%) 
Prod A 
(Rs./ unit) 
ProdB 
(Rs./ Unit) 
ProdC 
(Rs./Un) 
Signature 
Name and designation 
Sections A, B, C, D, F and I are restructured after the pilot test. Further to 
pilot test in sections E, H, and G are deleted. Final Questionnaire is shown in 
Appendix C. 
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APPENDIX - C 
FINAL QUESTIONNAIRE FOR MEASURING 
SUPPLY CHAIN PERFORMANCE 
SECTION -1 : COMPANY PROFILE 
1. Name 
2. Address 
3. Tel/Fax/E-mail 
4. Industry Group' 
5. Location of unit 
6. Products & Services 
7. Contact/Person/ 
Designation in Division : - —-
8. Annual sales Turnover 
(In Rs. crores) : 
9. Nature of business : Manufacturing / FMCG 
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SECTION II: BEST PRACTICES EMPLOYED 
(Tick in the Appropriate Column) 
A. Vendors 
1. Single Sourcing Concept 
2. Self - Certification 
3. Extension of Quality Systems 
4. Just in time supplies (JIT) 
5. Target costing 
6. Vendor rating 
7. Yearly contracts 
8. Negotiation on total cost concept 
9. Involvement at product development 
10 Vendor meet 
Yes No 
B Systems 
1. Bar coding 
2. Palletization 
3. Material Handling Equipment 
4. Material requirement planning (MRP) / Enterprise resource 
planning (ERP) Systems 
5. Supply chain management (SCM) Systems 
6. Intranet / Extra net 
7. Electronic data interchange (EDI) / Internet 
8. Group buying (Centralized purchase) 
9. Materials management manual 
10. Selective Inventory Control 
Yes No 
SECTION - III : SCM PERFORMANCE METRICS 
(Brief Explanation / Definition of each metric is enclosed herewith for your 
reference). 
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A. Cycle Time Metrics 
1) Procurement cycle Time 
2) Production Cycle Time 
3) Delivery time 
4) Total cycle time 
5) Cash- to-Cash Cycle Time 
6) Supply chain Flexibility (%) 
B. Cost Metrics 
1) Total Supply chain cost (% of sales) 
2) In-bound transportation cost (% TSCC) 
3) Out-bound transportation cost (% of TSCC) 
4) Ware-housing Cost (% of TSCC) 
5) Inventory carrying Cost- (% of TSCC) 
6) Cost of transit losses (% of TSCC) 
7) Cost of damages (% of TSCC) 
8) Other Costs (Insurance, freight, Clearance) 
(% of TSCC) 
9) Return Inventory Cost 
10) Return Processing Cost 
C. Service / Quality Metrics 
1) % of on-Time deliveries 
2) % of Supply made as per the 
quantity ordered 
3) % of Supply on desired quality 
P. Assets Metrics 
1. Raw Material inventory holding 
2. Work in process inventory holding 
3. Finished goods inventory holding 
^ Cost of sales 
4. Inventory Turnover = Average inventory 
No. of. Days 
No. of Days 
No. of Days 
No. of Days 
No. of days 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
Days 
Days 
Days 
Turns 
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Mention five Best practices followed in your organizations 
1. 
2. 
3. 
4. 
5. 
Designation : 
No. of years of service completed in this organization 
Total N. of years of Service 
Definition of Metrics 
A. Cycle Time Metrics : 
1. Procurement Time: It is the No of days that are elapsed from the time when 
the manufacturer places an order to his supplier to the time when we actually 
receive the materials. 
2. Production Cycle Time: It is the number of days that are elapsed between 
the receipt of and from a customer and the completion of the product ready 
for being shipped to the customer. 
3. Delivery Time: It is the No of days that elapse from the time which a 
shipment leaves the manufacturer's facility to the time when it reaches the 
customer's location. 
4. Total Cycle Time: It denotes the No of days that elapsed from the time when 
an order is received from the customer to the time when the payment is 
received from the customer. 
5. Supply Chain Flexibility: It denotes the ability of the manufacture to meet 
the sudden increase in the demand it is usually denoted as % of the original 
order. 
6. Cash to Cash Cycle Time: It refers to the number of days between paying 
the suppliers for raw materials and getting paid by the customers for the final 
product. It is calculated by adding inventory days of supply to the days of 
sales outstanding and subscribing the average payment period for material. 
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B. Cost Metrics: 
1. Total supply chain Cost (% of Sales) : It is the sum total of the In-bound 
transportation cost, out-bound transportation cost, warehousing Cost, 
Inventory carrying cost of transit losses and cost of damage. Total 
transportation cost is equal to the sum of Inbound and out bound 
transportation costs (ie logistics cost) 
2. In-bound transportation lost (% of TSCC) : It is the cost incurred in 
transportation of raw materials from the suppliers. It is denoted as a % of 
total manufacturing cost. 
3. Out-Bound transportation cost (% of TSCC): It is the cost involved in the 
transportation of the furnished products to distributors, wholesalers, etc. It is 
denoted as a % of total sales. 
4. Ware housing Cost : The cost incurred in the activities of storing receiving, 
picking and shipment of finished good products. It is referred to as a % of 
total sales. 
5. Inventory carrying Cost : It denotes the cost involved in holding the 
Inventory on hand. It is given as a % of total sales. 
6. Cost of losses & Damages : This is the cost incurred due to the losses and 
damages that occur during the transportation of goods, which is given as a % 
of total sales. 
7. Other Cost : Incurred may include the cost of insurance, International 
freight, clearance etc. 
8. Return Inventory Cost : The costs associated with managing inventory 
returned for any of the following reasons : Repair, refurbish, excess, 
obsolescence, End-of-Life, ecological, conformance, and demonstration. 
9. Return processing Cost : The total cost incurred in processing the repairs 
refurbished, excess, obsolete and End - of Life products including replacing 
products. 
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C. Service /Quality l\/letrics: 
1. % of on - time deliveries : Percentage of times the goods delivered, by the 
promised time (in right quantity and quality) 
2. % of supply made as per the quantity ordered: The amount (% of value or 
Volume) of order shipped on the vertical shipment verses the amount of total 
ordered. 
3. % of supply on desired quality: Percentage of times the goods delivered in 
the desired quality to the customers. 
D. Assets Metrics: 
1. Raw Materials Inventory Holding : It is the Not of days of raw materials 
inventing held in the stores. 
2. Work in progress inventory Holding : It is the No of days of Work in 
Progress inventory held in the shop floor. 
3. Finished goods inventory Holding : It is the No. of days of Finished goods 
Inventory held in the F.G stores. 
4. Inventory Turnover : Number of times inventory is purchased, sold and 
replaced during accounting period. It is measured by driving cost of goods 
sold by average inventory. 
^ Cost of sales 
Inventory Turnover = = No. of turns. 
Average inventory 
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APPENDIX - D 
RELIABILITY TEST 
The reliability test has been conducted group wise metrics of cycle time, cost, 
quality and assets. 
a. Cycle Time Metrics 
al. Procurement cycle Time 
a2. Production cycle Time 
a3. Delivery time 
a4. Total cycle time 
a5. Cash - to - cash cycle time 
a6. Supply chain flexibility (%) 
days 
days 
days 
days 
days 
b. Cost Metrics 
bl. Total supply chain cost (% of Sales) 
b2. In - bound transportation cost (% TSCC) 
b3. Out - bound transportation cost (% TSCC) 
b4. Ware - housing cost (% of TSCC) 
b5. Inventory carrying cost (% of TSCC) 
b6. Cost of transit losses (% of TSCC) 
b7. Cost of damages (% of TSCC) 
b8. Other costs (Insurance, Freight Clearance) 
(% of TSCC) 
b9. Return inventory cost (% of TSCC) 
blO. Return processing cost (% of TSCC) 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
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c. Service / Quality Metrics 
cl. % of on-time deliveries 
c2. % of Supply made as per the quantity ordered 
c3. % of Supply on desired quality 
% 
% 
% 
d. Asset Metrics 
dl . Raw material inventory holding 
d2. Work in progress inventory holding 
d3. Finished goods inventory holding 
d4. Inventory turnover (No. of turns) 
% 
% 
% 
% 
Reliability Test 
Cronbach's Alpha Cycle time 
Cost 
Quality 
Assets 
0.811 
0.660 
0.651 
0.760 
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APPENDIX - E 
LIST OF RESPONDENTS ACROSS INDUSTRIES AND 
REGIONS 
Sl.No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
Name of the Organ 
Compaq India 
Continental device India 
International ferrites Ltd 
Numeric power systems Ltd 
Philips India Ltd 
Salora 
Samtel India Ltd 
Siemens Ltd 
Thakor Electronics 
TVS Electronics 
Zenith Computers 
Bharat Electronics Ltd 
Brakes India Ltd 
India Japan Lighting Ltd 
India Pistons 
Lucas TVS Ltd 
Sundaram Easterners Ltd 
Visteon Automotive Systems 
Wheels India Ltd 
Bajaj Auto Ltd 
Escort Yamaha Motors Ltd 
Fiat India Ltd 
Ford India Ltd 
Hyundai Motor India Ltd 
Kalyani Engg Ltd 
Kinetic Engg Ltd 
Kinetic Motors Ltd 
Lumax Industries Ltd 
Mahindra & Mahindra Ltd 
Merceds Benz India Ltd 
Rane Brake Linings Ltd 
TAPE Ltd 
Location / 
Place 
Delhi 
New Delhi 
Calcutta 
Chennai 
Mumbai 
Delhi 
Delhi 
Mumbai 
Pune 
Chennai 
Mumbai 
Bangalore 
Chennai 
Chennai 
Chennai 
Chennai 
Chennai 
Chennai 
Chennai 
Pune 
Noida 
Mumbai 
Chennai 
Chennai 
Pune 
Pune 
Pune 
Gurgoan 
Mumbai 
Pune 
Chennai 
Chennai 
Industry Segment 
Electronics 
Electronics 
Electronics 
Electronics 
Electronics 
Electronics 
Electronics 
Electronics 
Electronics 
Electronics 
Electronics 
Electronics 
Auto - Auto Components 
Auto - Auto Components 
Auto - Auto Components 
Auto - Auto Components 
Auto - Auto Components 
Auto - Auto Components 
Auto - Auto Components 
Auto - Auto Components 
Auto - Auto Components 
Auto - Auto Components 
Auto - Auto Components 
Auto - Auto Components 
Auto - Auto Components 
Auto - Auto Components 
Auto - Auto Components 
Auto - Auto Components 
Auto - Auto Components 
Auto - Auto Components 
Auto - Auto Components 
Auto - Auto Components 
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Sl.No. 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
Name of the Organ 
Carborundum Universal Ltd 
Greaves Ltd 
Mithra Engg. Equipments 
Simpson & Co Ltd 
TI cycles of India Ltd 
Alfa Level India Ltd 
Atlas Capco India Ltd 
Bharat Forge Ltd 
Cummins India Ltd 
Fuller India Ltd 
Kirlosekar Pneumatic Co Ltd 
KSB Pumps Ltd 
Mahalakshmi Seamless Ltd 
Mukund Ltd 
WRB Bearings Ltd 
Sandvik Asia Ltd 
Talbros 
Blue Star India Ltd 
BPL Ltd 
Butterfly Ltd 
Carrier Aircon 
Electrolux India Ltd 
Godrej Appliances Ltd 
LG Electronics India Ltd 
Maharaja Appliances Ltd 
MIRC Electronics Ltd 
National Air conditioners Ltd 
National Panasonic Ltd 
Power Control Appliances 
Samsung India Ltd 
Singer India Ltd 
Sony India Ltd 
Thomson Multimedia India Ltd 
Videocon International Ltd 
Voltas Ltd 
Whirlpool India Ltd 
Camlin Ltd 
GM Pens Ltd 
Tata Tea Ltd 
Vanmalee Confectioners Ltd 
Britannia Industries Ltd 
Colgate Palmolive India Ltd 
Dabur India Ltd 
Location / 
Place 
Chennai 
Chennai 
Chennai 
Chennai 
Chennai 
Mumbai 
Pune 
Pune 
Pune 
Chennai 
Pune 
Pune 
Mumbai 
Mumbai 
Mumbai 
Mumbai 
Faridabad 
Mumbai 
Bangalore 
Chennai 
Delhi 
Delhi 
Mumbai 
Delhi 
Delhi 
Mumbai 
Chennai 
Noida 
Chennai 
Noida 
Delhi 
Delhi 
Chennai 
Delhi 
Mumbai 
Delhi 
Mumbai 
Delhi 
Kolkatta 
Chennai 
Chennai 
Mumbai 
UP 
Industry Segment 
Engineering Industries 
Engineering Industries 
Engineering Industries 
Engineering Industries 
Engineering Industries 
Engineering Industries 
Engineering Industries 
Engineering Industries 
Engineering Industries 
Engineering Industries 
Engineering Industries 
Engineering Industries 
Engineering Industries 
Engineering Industries 
Engineering Industries 
Engineering Industries 
Engineering Industries 
White Goods 
White Goods 
White Goods 
White Goods 
White Goods 
White Goods 
White Goods 
White Goods 
White Goods 
White Goods 
White Goods 
White Goods 
White Goods 
White Goods 
White Goods 
White Goods 
White Goods 
White Goods 
White Goods 
FMCG 
FMCG 
FMCG 
FMCG 
FMCG 
FMCG 
FMCG 
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Sl.No. 
76 
11 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
Name of the Organ 
Dorcas Market Makers Ltd 
Emami Ltd 
Eveready Industries India Ltd 
Glexo consumers Products Ltd 
Godrej consumers Products Ltd 
GTL Industries Ltd 
Henkel SPIC Ltd 
Hindustan Lever Ltd 
JL Morrison India Ltd 
Johnson & Johnson 
Marico Industries Ltd 
Parle International Ltd 
Parrys Confectionary Ltd 
Location / 
Place 
Chennai 
Kolkatta 
Kolkatta 
Gurgaon 
Mumbai 
Chennai 
Mumbai 
Mumbai 
Mumbai 
Mumbai 
Mumbai 
Mumbai 
Chennai 
Industry Segment 
FMCG 
FMCG 
FMCG 
FMCG 
FMCG 
FMCG 
FMCG 
FMCG 
FMCG 
FMCG 
FMCG 
FMCG 
FMCG 
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